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SYNOPTIC MAPS OF SOLAR 9.1 cm MICROWAVE EMISSION FROM JUNE 1962 TO AUGUST 1973

by

Werner Graf and Ronald N. Bracewell
Radio Astronomy Institute
Stanford University

Stanford, California 94305 USA

SUMMARY

The distribution of microwave emission over the sun at a wavelength of 9.1 cm was mapped by the
Stanford. spectroheliograph on nearly every day from June 1962 to August 1973. As these spectrohelio-
graph records form a valuable resource for comparison with other solar and terrestrial data, they have
been reduced to a homogeneous format and are now available in the form of numerical printout, contour
diagrams, movies, punched cards and 9-track magnetic tape. As a visual guide to the content of the
records, this publication presents monthly synoptic maps formed by assembling the meridian data. In
addition, the course of development over this_11-year interval is illustrated by a microwave butterfly
diagram and by 12 annual average microwave maps.

1. INTRODUCTION

Microwave emission from the sun was first observed by G. C. Southworth in 1942, but it was some
years before microwave antennas were designed for mapping the distribution of emission over the sun's
disk. When effective temperatures were accurately measured, it became apparent that the emission must
originate partly in the chromosphere and partly in the corona. The height of microwave emissjon, which
is difficult to measure, is deducible only from long series of daily observations. Correlation of
microwave emission with sunspots and other manifestations of solar activity also requires long runs.

The 9.7 centimeter microwave spectroheliograph at Stanford is fully described in Appendix A. When
the telescope came into operation in 1960, it was used for special studies, as reported by G. Swarup in
his Ph. D. dissertation of 1967 and subsequent publications. Its anguiar resolution was very much
higher than had been reached by other radiotelescopes operating near the same wavelength and, indeed,
even today the Stanford sun maps cannot be duplicated by any other instrument. The regular program
of observations was carried out by Joel Deuter (1962-1973) and James Rutherford (1965—1973)

Maps were made at noon nearly every day, displaying a degree of reliability that is not often
matched in solar observing, as witnessed by the following table:

Year Number of Maps Year Number of Maps Year Number of Maps
1962 157 1966 354 1970 358
1963 280 1967 359 1971 364
1964 329 1968 361 1972 363
1965 350 1969 360 - 1973 243

As_a result of this virtually gap-free performance, requests for maps at the time of eclipses, rocket
f11gh§s, balloon flights, satellite observations or moon flights could nearly always be met. The maps
supplied welcome supportive data and were often published by investigators.

Other kinds of investigation have been made possible that become arduous or impossible when gaps
are present in data. 'In addition, the digital character of the maps makes them computer compatible.
The Stanford microwave spectroheliograph is remarkable for being the first radiotelescope (and possibly
the first telescope of any kind) in 1961 to produce output automatically in printed form just as it
would appear in publication.

Important series of sun maps are also available at millimeter and decimeter wavelenaths. The only
other microwave solar data extended in time are series of fan beam scans made in Canada and Japan. All
these records could now gain in significance by intercomparison with these 9.1 cm synoptic maps.

The present synoptic maps, one per solar rotation, have been prepared to facilitate access to the
daily maps for intercomparison with other data. The style of the synoptic maps has been chosen to con-
form with the Cartes Synoptiques de la Chromosphére Solaire of L. and M. L. d'Azambuja, just as was
done by M. Waldmeier in his Heliographic Maps of the Photosphere. Additional synoptic guides to the
daily maps are the annual average maps and the butterfly diagram.
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The daily maps were published monthly in Solar-Geophysical Data, issued by the same group first
in the National Bureau of Standards, then in the Environmental Science Services Administration and
lastly in the National Oceanic and Atmospheric Administration. They are now available in various
forms including magnetic tape and motion picture film as described in Section 2.

Appendix B reproduces the instructions that were published annually for the use of the daily maps.

Section 3 explains some details, not previously published, regarding the method of interpolation
which was used in order to rotate the digital maps. Unless this is done the solar axis turns through
+27° over the course of the year. A method of interpolating between consecutive maps is also
described. This latter kind of interpolation proved convenient in preparing transparencies to lay
over optical pictures taken some hours before the map and was also used to produce artificial maps
for missing days, a device that is very convenient for the programmer concerned with certain kinds
of computation on Tong series of maps.

Section 4 compresses the whole run of data in two special-ways. One is the butterfly diagram
introduced by E. W. Maunder for displaying the latitude drift of sunspot zones; in our case the
intensity of microwave activity stands out in an interesting way. We also present average sun maps
for each year. These unusual diagrams show what would be recorded if a filtergram were made with an
exposure time of one year. Far from being vague blurs, the annual maps have interesting detail, and
they are all different.

Finally, Section 5 explains the synoptic maps which form the bulk of the publication.

2. DAILY SUN MAPS

A total of 3,878 9.1-cm spectroheliograms were made at daily intervals between June 1962 and
August 1973 at the Stanford Radio Astronomy Institute using the microwave spectroheliograph i1lus-
trated in Figure 1. Many others were made at irregular intervals dating back to April 28, 1959,

Description of Instrument (Appendix A). As this instrument is quite unlike any kind of optical
spectroheliograph, it is desirable to become familiar with the principle of operation ard the in-
strumental parameters if fine points of interpretation are to be discussed. The definitive description
is found in Appendix A.

FIG. 1. The Stanford 9.1 cm microwave spectroheliograph in 1958.




Map Format (Appendix B). Figure 2 shows the sun
JANUARY 3, 1969 map for January 3, 1969, in the form in which the series
of maps was published monthly in Solar-Geophysical Data
by the National Oceanic and Atmospheric Administration.
The description of these maps is given in Appendix B
which explains the digital format and the smoothed
contours that act as a visual guide.
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Format in Earlier Years. The spacing of map
elements is related to anguTar resolution, which changes
with the season. In winter, when the north-south
resolution is least, the row spacing may be greater
without any loss in information. The method of steering
the beam north-south by insertion of phase shifts
automatically shifts the beam by an amount that depends
on season in precisely the appropriate way.

' '
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A modified automatic typewriter was connected to the
output of the spectroheliograph so that the row spacing
on the typewritten page could be varied in agreement
day by day. However, this proved inconvenient for
numerical analysis, particularly as computer equipment
20§§UT Brightness Unit.5000°K prints at a fixed row spacing of one-sixth of an inch.

Therefore the phase-shifter program was altered daily,
FIG. 2. Example of a 9.1 cm map as starting on 1 January 1964, so that the row and column
published. Contour Tevels are 50,000 and spacings had the same fixed lattice constants imposed
100,000 K. by typewriter and line printer custom. This does not

constitute a squane Tattice, but does make the photo-
sphere circular and permits overlays of optical solar data without annoying distortion.
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Prior to the introduction of computer-drawn contours, values exceeding a threshold level of
40,000 K were emphasized with underlining (or by dots).

Starting on 1 July 1965 the rotation axis of the sun was made vertical, east was placed on the
left, and the unit which had previously varied around 2,000 K was fixed at 5,000 K in subsequent
publications.

The 2° Timing Error. During the quiet solar years 1964-1965 it became apparent that the micro-
wave sun was systematically displaced 0.5' to the east of the expected position. This could be
explained by a 2° error in assumed longitude, but no evidence for such an error has ever been found.
Our Tongitude is based on that of "RATEL 1961", a United States Geological Survey benchmark whose
position has been determined twice as follows: i

Agency Date Method Position
U.S. Geological Survey October 1961 Triangulation from 37° 23" 47.88" N
second order stations 122° 11" 19.69" W
U.S. Coast & Geodetic September 1962 Astronomical { 37° 23" 50.66" N
Survey 122° 11" 21.58" W

Several possible instrumental causes were studied, and it was also suggested that the 2% difference in
travel time between the solar Timb and the center of the disk could be responsible, but no explanation
could be confirmed. Starting on 3 September 1965, the sun maps were arbitrarily displaced 25. The
magnitude and sign of the effect may be seen by reference to the annual average maps for years before
and after 1966. The shift is one-sixth of the antenna beamwidth.

Missing Data. Dates on which no map was obtained have no dots above the date on the synoptic
charts. Refer to Section 3 for a description of the interpolation method used to construct
artificial maps for the missing days. Artificial maps are flagged as described below under
“Format of Maps on Magnetic Tape".

List of Additional Data. The continuous series of maps begins in 1962, but maps were obtained
also. in 1959, 1960 and 1961 as follows:




1959  April 28 - May 20; July 25 - August 4; September 4 - October 1; November 3-25.

1960  February 29; March 2, 11, 13-25, 27, 28, 30, 31; April 3-5, 7-15, 17-24, 27-29; May 1, 3-27,
29-31; dJune 1, 2, 5-7, 9-12, 14-30; July 1, 3, 5-19, 21, 22, 24-29, 31; August 1, 2, 4, 5, 10-12,
14, 16-18, 21-26, 29-31; September 1, 2, 6-8, 12, 20-22, 26-28; October 3, 12-14, 17; November
8-11, 14-18, 21-26, 28-30; December 2, 5-7, 9, 12, 13, 29.

1961 January 3, 4-6, 9-11, 13; February 10-21, 23, 27, 28; March 1-3, 6-10, 13, 14, 17, 20, 22, 24,
275 June 16, 19-22; July 17, 20, 21; August 16, 17, 21-23.

The maps for April, May, June and July 1960 appeared in Stanford Radio Astronomy Institute
Publication Nos. 8, 10, Ll, and 12. Those for May 1960 appeared also in G. Swarup's Ph.D. thesis.

Fan-beam Data. The east-west arm alone was regularly used for obtaining fan-beam scans with a
beam width of 2.3 minutes of arc. Starting on July 5, 1958, observations were made daily for several
hours before and after the sun map was taken to provide continuous monitoring of flare activity and
as an indicator of equipment performance.

Qua]ity'of Early Maps. During the period when the reliability of the equipment was being improved
the map qua]1ty was variable. Undesired effects such as gain variation and baseline drift should be
guarded against when individual maps are referred to, especially maps from 1963 and earlier years.

How to Obtain Sun Maps. The primary source of the sun maps is Sclar-Geophysical Data as
published by NOAA and its predecessor organizations, the format being as described in Appendix B. In
cases where the quality of reproduction interferes with legibility, both the numerical maps and the
contour drawings are on file at Stanford where they may be consulted. Contour maps for special times
of day may be constructed as described below in Section 3.

A virtue of digital data is that black-and-white files may be replaced by machine-readable
records. Punched cards used in the later years to produce copy for monthly publication have been
duplicated for outside users from time-to-time. However, the full collection is bulky and has been
transferred to magnetic tape. In addition, the changes in format have been allowed for so that a
homogeneous data set now exists on a single 9-track tape covering the whole period from June 1962
through August 1973. The tape is archived at the World Data Center A (WDC-Ag for Solar-Terrestrial
Physics which can furnish copies at a cost available on request. Copies of the whole tape or of
single years may also be obtainable from the authors.

Format of Maps on Magnetic Tape. Each map on the 9-track tape consists of one record of 529
words (= 2116 bytes, &4 bytes per 32-bit word, 2's-complement with the sign bit in the most significant
bit). A1l numbers are integers and each record is arranged in the following way: The first 525 words
are the brightness temperature readings of the map with a unit of 1000°K, with 25 words per row. Thus
there are 21 rows, starting at the North. The last four numbers are: day (#526), month (#527), year
(#528) and a flag (#529). The flag has the following meaning: A map which was obtained by the
interpolation procedure described below in Section 3 has a flag equal 'to zero; if it is a standard
map, the flag is greater than or equal to one, and in this case the quantity "flag minus one" indi-
cates the number of rows which had to be edited manually prior to processing by computer, which was
necessary on some maps in 1962-63 because of occasional missing rows.

In the period from June 1962 to August 1973 whenever no map was obtained we supplied an inter-
polated map (see Section 3), with the exception of the interval from 1 February 1963 through 19 March
1963. To facilitate certain kinds of computer analysis, maps during this interval are provided, dated
and flagged (with a zero) but the spaces for temperature readings have been filled with zeros.

An EOF (End of File) mark has been placed at the end of each year; thus there are a total of 12
files on a complete tape. The IAU standard solar disk of 15 cm diameter will result from a column
spacing of 0.3 inches and rows spaced at 3 per inch as available on line printers.

Movies. A remarkable 16 mm black-and-white movie that compresses 9.5 years of the microwave sun
into T0 minutes (at 24 frames per second) has been produced by computer at Sacramento Peak Observatory.
A copy is archived at the WDC-A for Solar-Terrestrial Physics. A color-movie also exists for the
International Quiet Sun Years 1964-1965.




3. INTERPOLATION

The daily sun maps incorporate a correction for a change in receiver gain during the observation.
The gain of the receiver was measured immediately before and after each observation, and the maps were
then compensated by assuming that the receiver gain drifted linearly with time.

The rows of the map, as observed, run in a
geographic east-west direction. To bring the solar
rotation axis vertical with North at the top and East
on the left, in conformance with the IAU standard, we
must rotate the maps through an angle of P degrees,

o 0 o o where P denotes the position angle of the northern
extremity of the axis of solar rotation (measured east-
. ward from the north point of the disk). To rotate the
o o maps, a six-point bivariate interpolation formula was
used, as described on p. 882 of the Handbook o4
Mathematical Functions by M. Abramowitz and I. A.
o Stegun (Dover, New York). In order to interpolate in
the square shown shaded in Figure 3, the six heavy
points were used.

N

For various purposes it was desirable to develop a
routine which would permit interpolation between two
existing sun maps, i.e., for a point in time where there
was no map. This routine was used, for instance, to
interpolate maps for the days where no.data were
obtained; also it permitted generation of maps at 6 hour
intervals so that the black-and-white movie mentioned
in Section 2 has 4 frames per day.

FIG. 3

To interpolate maps in this fashion the sun was assumed to rotate as a solid sphere at a rate of
13.2 heliocentric degrees per day. The 7.25° inclination of the solar axis to the ecliptic may be
neglected. ~

To obtain a map for a time t, intermediate between times t: and tz for which maps were available,
we first used a 4-point (one-dimensional) Lagrangian interpolation formula (p. 879, op. cit.) to get
temperature values at the points which would be on the lattice points of the standard map format a
time t-t, later than the first map and a time t.-t earlier than the second. These two sets of values
were then combined in a weighted average using weights (t,-t)/(ts-t;) and (t-t;)/(ts-t;).

Because the S-component of the sun varies only very slowly with time, the interpolated maps have
almost the same quality as the original maps. However, if one wants to ascertain the peak brightness
temperature of a region on an interpolated map, it should be remembered that the value presented was
not actually measured. On the data tapes all interpolated maps are identified as such (see Section 2).




4. BUTTERFLY DIAGRAM AND ANNUAL MAPS

The well-known butterfly diagram of Maunder, which exhibits the latitude zones of sunspot
activity, may be adapted to solar microwave emission. In Figure 4 the heliographic latitude
ranging between -60° and +60° 1s plotted against date from 1962 to 1973. Contours of equal brightness
temperature show how the activity was spread over two latitude zones, one in the northern and one in
the southern hemisphere. As time elapsed, the width of the zones varied and they moved towards the
equator.

Within each wing of the butterfly the structure is not uniform but exhibits structure in the
form of more or Tess concentrated outbreaks of activity at intervals of approximately 6 months.

Since the butterfly diagram is i11-proportioned for the display of temporal structure on a time
scale much less than 6 months, we have eliminated the fine structure associated with the 27-day
recurrence tendency by first taking 54-day running means of the temperatures observed on the central
meridian.

Figure 4 represents the view of an observer situated in the equatorial plane of the sun and
consequently is neither exactly cbservable from the earth nor does it precisely represent the
dependence of solar-terrestrial influence on geocentric celestial latitude (latitude measured with
respect to the ecliptic). For example the two strongest outbreaks in 1967 are shown in Figure 4 as
having approximately the same northern heliographic latitude. But the heliocentric latitude of the
earlier one was approximately 27° and of the later 14° as measured from the plane of the ecliptic.
Thus, to the extent that any particular influence of an active region on the earth depends on its
elevation above the plane of the earth's orbit, the butterfly diagram is deceptive. There is another
form of the diagram, not presented here, in which the line of zero heliographic latitude is. sinu-
soidal with an amplitude of 7.25° instead of a straight line.

A different way of showing how the activity developed in latitude over the solar cycle is shown in
Figures 5a to 5. Each of these maps is the average of all the available maps for one whole year.
Longitude dependence tends to be smeared out with resulting emphasis on the latitude zones. The
perhaps surprising peaks of brightness at the four ends of the two zones are a consequence of two
effects: the slowing down of velocity transverse to the Tine of sight as an active region goes
around the 1imb and the fact that the elevation of the microwave source permits it to be "visible"
for some days before and after 1imb passage. There is no question that the microwave sun possesses
these Timb concentrations on the average and, indeed, they are quite noticeable when individual maps
are sampled at random.

In periods of reduced activity, for example in 1966, the average sun may differ marked1y from
casual expectation. In the quiet years 1964 and 1965 the Timb brightening of the quiet sun is
clearly noticeable.
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FIG. 5b. Yearly average map for 1963.
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Yearly average map for 1969.

FIG. 5h
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5. SYNOPTIC MAPS

As a finding source to the large amount of data (4104 daily sun maps each with 525 data points), we
present 151 synoptic maps, one for each Carrington rotation from 1455 to 1605. FEach map on the
following pages is a contour diagram based on an array of 121 points in longitude and 41 points in
latitude.

The central meridian column on the daily maps almost never coincides with a column of the array
just mentioned. To construct the array we used the central meridian columns and the two adjacent
columns from each daily map. As the sun's rotation rate is approximately two columns per day, one of
the outside columns contains information about what will be on the meridian half a day later and the
other on what was on the meridian half a day before. Imagine that the central meridian columns of
successive maps were placed in a preliminary matrix with a blank column between them. Then the column
east of the central meridian column of one map is averaged with the column west of the central meridian
column of the next map and the result is placed in the appropriate blank column of the preliminary
matrix. This matrix then has 25 rows and 8208 columns. The even finer 41 x 18,121 array needed for
the contour program is derived from interpolating at 3° intervals of heliographic latitude and longitude.
Cubic spline polynomials were used for interpolation. Each synoptic map is a 121-column segment from
this array, the last column of each rotation being the same as the first column of the next rotation.

The scale USed is the same as the one introduced by L. and M. L. d'Azambuja: 1 mm corresponds to
1.5 heliocentric degrees in both latitude and longitude.

To indicate Ly, the heliographic longitude of the center of the disk, a dot was placed over each
date to mark Ly at 0000 UT of that date. Since the dot is not really needed for every day, we omit
the dot if the map supplied on that day is an interpolated map.

The lowest contour level is 40,000 K, which is slightly above the quiet sun level; other contour
levels advance by factors of 2, as shown in Figure 6; above 640,000 K shading is introduced. Dashed
lines enclose depressions. Figure 6 also gives the latitude scale.

The contour routine used was adapted to our system from the one used at Sacramento Peak
Observatory.

A1l rotation numbers refer to the Carrington system.

The interpretation of the structure of active regions as shown on the synoptic maps is subject to
two points of caution. The first is that by their very nature the maps only refer to the regions as
they appeared on the central meridian. For the full detail the daily maps themselves must be
consulted. This is in contrast to the maps of d'Azambuja and Waldmeier which refer either to the
maximum or to the average development of a feature in the course of its passage across the disk. The
second point is that for an isolated strong active region the sidelobe structure of the antenna,
described in Appendix A, shows up quite clearly, and it should not be mistaken for additional regions.

ACKNOWLEDGMENTS

Completion of this publication and the solar data set that it describes, while in itself a big
piece of work, was only possible by virtue of an even larger job carried out by former students R. S.
Colvin, G. Swarup and K. S. Yang and observers J. Deuter and J. S. Rutherford. Construction and
initial research with the microwave spectroheliograph was supported by the Air Force 0ffice of
Scientific Research, 1956-1962. From 1962 the daily observations were supported by the Central Radio
Propagation Laboratory of the National Bureau of Standards, the Environmental Science Services
Administration, the Air Force Office of Scientific Research, the Atmospheric Sciences Section of the
National Science Foundation, and finally by the National Oceanic and Atmospheric Administration for
part of 1973. Research on the data, including the reduction to homogeneous machine-readable form, has
been supported by the National Science Foundation under Grant Nos. GA-33000 and DES72-01388. One of
the authors (Werner Graf) is also grateful for a visiting fellowship to the Sacramento Peak Observatory
of the Air Force Cambridge Research Laboratories and the Joint Institute for Laboratory Astrophysics of
the University of Colorado.

20




*q0p 9yl 2lWc oM sdew |eLdoLfllJe 3yl 4O s91ep 8yl Dels 0] °o3ep 8yl aAroqe sdeuwl
oL2douds ay3 40 9bps J4aMO| Y3 uUo 20p B AQ paydeuwl SL In 0000 2 Aep yoses 404 uns ayz
40 URLpLJSW |RAIUSD BY3 JO opniLbuol ayj sdew oLidouds [enjde ayg ug " S93RULPU00D

uwcamxmowrwz 9yl pue S|8A3| JNOJUOD MOYs 03 Am—mUm 01 pocv dew owpao:%m JLjewsyss °g °*HI4
H1NOoOS
09~ \/\
2 = 403084 [RPAUIJUI 4NOIUOY
06~ v . ~y N 000 OF = [BA8T 4N0OJUOY) 1SIMOT
/ ST ey I I B N T
N - —J
gl 000 07 > S X 000 O
Se——r 000,
o0 X 000 091
\ X 000 02€
) A 000 0%S.
o0C+ e
\\\1\\
009+ 4V,
009¢€ o00¢ 002 o021 009 o0

H1d40N

09~

o0E-

o0

o0€+

009+

21



2967 | | 2967
annr AT
TP ETET YT ST OT LT BT 6T 02 T2 22 E2 v2 52 92 L2 B2620E T 2 E ¥ G 9 /

o {\,v
-~ N N \ \\ /
) Pa fW\ A / =T\ ~ g \\\
N \ / \V \ /l/ P u /D\ \\.)_ \\. J/,/ \1 fa.\
Tk /V A) J § J 1 /1 0 NPARWA \NW), ,ﬂt ﬁ//
A~ L ~\ o A S n
9> e N AR, \V) ~ "/
N
N\ T
() K D) ,
09¢ 00¢ 074 081 1A | 0% 0]

GG T d3EANN NOILV10

22



e}
o

c96T ca6T

Anr . 1snany
B 6 OTTT ST ET PT ST 9T LT BT BT 02 T2 2 E2 2 G2 92 /28262 0ETE T 2 E

/1 ) A (@)
/( A ﬂ \
. AN ]
K&\ O T F ] v w
~LK ~
()
09¢ 00¢ ov¢e 081 oAl 09 0]

95T &d38ANN NOILVL10d



c9671

2967
1sngny . 15Nany
# & 9 L B 6 OT TT 2T ET #T ST 9T 4T BT 6T 02 Te 22 E2 v2 G2 92 /2 82 62 Ot
N <
)
e ‘\\MW//
D \U N\ —~ [,
[/
p)
Y. sl ..ll\l\
09¢ 00¢ (0) 724 081 ocl1 0% 0

/57T d38ANN NOILVLOd

24



10
o

2967 2961
15nany ¥3ENILIS
TET 2 E v S 9 £ 8 6 OTTTaTETbT ST 9T T BT 6T 02 T2 22 €2 b2 52 92 £2
\.In‘\\lv \\ V
At.\\..\ TN ,\
=~~~ & [ \y ] /
/N % ﬁﬂ N A== N ™
onw‘ m\\hnﬂuﬂ% L x&),flu | 0 K\
BTy (@) 10 Iy /a
AN L4 O d \%J ) (&
L (J o | O / ™~
) P NS XA N
ﬁ\\p |
| - | O\ [
09¢ 00¢ ovzZ 081 ozl 09 0

BSFT &38ANN NOILV10d




2367 - 2967

MIEWILAIS | ¥360130
826208 T 2 E ¥ S 9 £ 8 B OT 7% 2F €T ¥T ST 97 £T BT 6T 02 T2 22 €2 b2
£ AN // \ ‘/
( . ~ U T~ ,
. (‘
RN a (7 ~NER —
NP Ol W= @\ \\\\uw\\ /A1)
s LA 2N W LY (
N A V) ({O)) [ 8/
7| L\ WS v S ~
O ) / -
A YT L)
\_ A |
v
09¢ oog vz 081 ozt 09 0

BSPT d38WNN NOILV10

26



N~
(]

23967 2967

380130 t38R3IA0ON
mm mw Am 82 ﬂw ﬁm ﬁm M e m .w m m m m 6 oﬁ ﬁﬂ ﬂﬂ mﬂ NH mﬂ mﬂ LT BT mﬂ Om
M/
Y I/ S \w
v [an . v /0 \, \)#ﬁ
/ vl ) /r\ ihy
d = ( ‘/rw \[((
VSN Van\ Ne 10 T YA
(V7 [ 1] /) 1
NS ar ,(&\ C(W\
N
\NJ A
09¢ 00¢ ov¢e 081 oA 09 0

03FT &JAAMN NOILVLOd



2967

295T
d3BN3IAON &38W3330
Tee2Eerese 82 /2B2620E T @ E ¥+ 8§ 9 £« 8 B OT TT 2T €T #T ST 9T /T 87
] A
N J)
.y \w \J
~ (1)
v . yay
7
\ (
O /r\\ /) 0 N
[ / N /]
W )/ U {
09¢ 00¢ ove 081 ozi 09 0

13FT d38ANN NOILVL10Od

28



]
N

2967 ESGT
d38RK3330 AAVINVYE
BT 02 T2 e E2 2 5292 /2 B2620ETE T 2 E ¥ S 9 £ B8 6 OT TT 2T €T #1

/
g
N
.
M\ DI U \
\l/ \
/,\ ™ »
/
09¢ 00$ o2 o8l o2t 09 0

c3rT d38NNN NOILY10d



ESBT EI6T
AUVINVE AdVNaBE34

ST AT L1 BT 6T 02122 E2 e 6292 42682620 TET 2 E ¥ § 9 £ B B OF

\

\ 1
L/

<>

~)
o
J
J

\
f
Z
\
N

<

) A

09¢ 00¢ ove 08I 0c1 09 0

EIPT d3EANN NOILVLOd

30



L\

ESBT ESBT

Advnag34 H3yVI
TTSTET PT ST IT LT BT BT O2T2S2EeP2S29242682 T 2 E # 6§ 9 £ B8 6 07

09¢ 00¢ ot e 081 ora! 09 0

P3rT &JAAMNN NOILYL0d



EIGT E9GT

HJSVI 1TadY
TTS2TET PT ST ST LT BT BT 02 T2 22 E2 P2 G2 92 /2 B2 B2 0ETE T 2 E # 6§ 9
~ O
\ A\/V/
/éﬂu”v <
_
09¢ 00¢ ove 081 021 09 0

- 53FT d38ANN NOILVL10d

32



M
M

ESET ESBT
T1Iady AV
L B B OTTTSTETPT ST 9T LT BT BT 02 T2 S2E2 P2 G292 /2 B2620E T 2 E

N ‘
v )
4 \
\D «
yan A NN
(/ ATA S
A A\/r ¢ / P AD /Aﬁ
) 5 7 / //
r)/ s/.v
— -) /N
ol 7l
09¢ 00% 0)r 4 08T 021 0% 0

939F 7T d3ENNN NOILVY.LOY




ESBT ESBT
AVR | AV
P S 9 £ B8 6 OT TT 27 €T ¥T ST 9T 4T 8T 6T 02 12 22 E2 #2 G2 92 /2 82 62 O

>
.I\u \ \/Jr N\ N .-
/Cw/ L AN T
SRR S-SR\ AP | = ™\

Q) o A& G AN AT e
A\ D) T — D N OV W) B D NN
N Q. (TP N S S
7.(.\ - \ > \.// \..r \.w_/.... .flas \ .\II\\\..J/‘\

N A b \UY T N

V) P ) A L] | |/
09¢ 00¢g obe 081 0ocl 0% 0

/37T d3ENNN NOILVLOY

34



[fe]
\p}

ESBT E9BT

AVA aNnr
TET 2 E ¥ &5 9 £ 8 6 0T TT 27 ET #T ST 9T 4T BT 67 02 12 22 €2 ¥2 G2 92 /2

0
Q
O
N N \ T T~
SWNENAVINIVEES 2 , ),mJ NS ~
D\ VAN GEPWN 2) W ES2\ AR | Q
1”\/ N /| NS /I|u../ / ﬁl , = L7
T~ — D) A LTISNES (O NiPa
O DO -
ﬂ\ \/ﬁ / v /,:z. P \\ / de T
09¢ 00¢ ov¢e 081 0clt 09 - 0

8971 d38WNN NOILV10d



E9ET | " E9BT
INAr ATNC
B2620E T 2 E P S 9 £ 8 6 OT IT 2T €T T ST 9T 4T BT 6T 02 T2 22 €2 #2

"0\ T~ =N 0N | -~
a f.”{v 0 Arn v fl ( \V) BlKe!
e WP T
ML v R
S/ W
/..\\\\..I\. /(I
) R .
09¢ 00¢ o2 081 021 09 0

63T &3ENNN NOILV10d

36



N~
A9}

EIGT ESET
Anr 1snany
5232 /2B2620ETE T 2 E ¥ § 9 £ B 6 OTF TT 27 €T #T ST 9T 4T 8T 6T 02

\U V=N
] = (O)
. e | L 7 N
=N VARV =T el v
9 (OO Q-0
//\\ld ?
U/
™ o~ I\ e~
09¢ 00¢ or<e 08T orA! 0% 0

0Z 1T d38ANN NOILVY10d



E96T ESBT
1snany d38W31d3S
Te 22 E2 ve G2 92 /2 B¢ mm OETE T 8 E ¥ 8§ 9 £ 8 6 OT7T TT 27 ET ¥#T ST 9T
]
e
/ o) 10 \U_
Sy, \/ ;\lr/r/rll.\\
Q ’ \.\J \ A 7 : l/./
/ \
( P i
-
09¢ 00¢ ore 081 YA 09 0

14T d38ANN NOILV10Y




]
\p]

ESBT EIBT

d38HW31d3S 4380130
L1 B8BT BT 02TeceEebeGe 92 4282620E T 2 E ¥ &§ 9 £ 8 6 0T T7T 2T ET vT

N , //
) ~ \
- 5 \J
| A
o 1]
0 / /11
1
¢ C\
.\
No /N
[ D
\Y4 S
mn
09¢ 00¢ ove 081 021 09 0

c/FT d38ANN NOILV10d



ESBT ESBT
8380130 JEBN3AON
m..n m..« N..ﬂ m..n m..ﬂ O.m.... .ﬁ.m m.m m.m.. v.m m.m 82 N.m m.m m.m O.m .n.m T m m ¢ m m N m m O..n
™ / ~ ~
a) \ | YR
NS \ N
_ \ / ] /f\ /TN ™
2N\ \\ \\\\.I \ /M ‘v Pany v
0 am= iy “
N (o) { /
) N/ U
g -
09¢ 00¢ 0) P4 08T 0yA! 0% 0]

EZVT d38ANN NOILV1O0d

40



<

EIBT EIBT
d38N3IA0ON d38W3330
TT ST ET #T ST 9T LT BT BT 02 Te 22 E2 265282 /282620 T 2 E ¥ § 8 (£

)
AN AY Q \ s
/| { ) T O /
</ 1) aa
/1) \lLL) ™~
o/ | s
L/ i
09S¢ 00¢ 0) 24 0]2]1 0c¢l 09 0

PZPT JBANN NOILV10d



ESBT 96T
d38W3330 AVINVYI
B 6 OFTT ST ET PT ST 9T LT BT BT 02 T2 22 E2 b2 S2 92 /2 B2620ETE T 2 E

C 1D

09¢ 00¢g ove 081 ocl 0% 0

G/vT d3FEANN NOILV10d

42



I\
<t

7967

95T
AHVINVP AUVINVP
¥ S 9 . B 6 OF TT 2T €T ¥T ST 9T T 6T 6T 02 T2 22 €2 v2 S2 92 <2 B2 62 OE IE
/]
\ -
N \
N
N\
09¢ 00¢ vz 081 oz 09 0

9/FT d38ANN NOILVL10d




7967 7967

AdVNBE3d AdVNeB34d
T ¢ E ¥ § 9 £ 8 6 OF 7T 2% ET ¥T GT 97 4T 8T 6T 02 T2 22 €2 ¥2 G2 92 L2

N
/

N

WC 1A/
(
L
)
e
g
L/

)N

O

D]

09¢ 00¢ ot 08T 077 09 0

/7T d38WNN NOILV10d

44



)
<

14=-11

#¥96T
AdvYNa834d : HJSVIN
8262 T @8 E # G 9 £/ 8 6 OT TT 2T ET #T ST 9T 4T 8T 6T 02 T2 22 €2 e G2
P\ ﬂl/ A\/
WBE SEAPN
< D)
m ’ i
{V
09¢ 00¢ ove 081 ocl 0S

8/F7T d3BANN NOILV1O0d




#96T 14=)
HJYVRA 1TadV

e leB2BE20ETE T 2 E ¥ § 9 £ 8 6 OF TT 2F ET ¥T ST 9T 4T 8T 6T 02 I2 22

n\j
A\ N P a)
O ~ SNP L) TN
h w 7 N7 /r\\ /
- 4!
o
09¢ 00¢ ov2 081 021 09 0

6ZF 1T &J8AMNN NOILV10d

46



[
¥

96T 7967
1IddY | AVR
Eeve 5232 /282620E T 2 E # S 89 £ B 6 0T TT 2T ET ¥T ST 9T 4V BT 67

N
l/

g

09¢ 00¢ ot¢e 081 07! 09 0

0BFT d3BANN NOILVLOd




P967T 14-1

AVR aNnr
O2leceEe 25292 ,2B2620ETE T 2 E ¥ § 8 £ B8 6 OF TT 27 ET #T ST

P
(d
e’

09¢ 00¢ Ooté 081 077! 0S 0

1871 &38ANN NOILV10

48



96T
aNnr

0)
<+

7967
Anr

mﬂ 18161 02TeceEeveSe 824282620 T 2 E # S 39 £ B8 6 0T 71 27

\ J

09¢

00¢

Ot¢ 081 oI

cBFT &3J8ANN NOILVL10d

09



bIET .. pIET

Anr 1snany
EVPTST ST L1BTETO02T2ceE2 P2 52922 B2620ETET 2 E # S 9 £ 8 6

09¢ 00¢ or¢e 08T 0c1 0S 0

EBFT &3HANN NOILV1O0d

50



10

96T PS6T
15nany d38W31d3S

OF TT ST ET PT ST 9T LT BT BT 02 T2 22 EB P2 52 92 L2 B2 B2 OETE T 8 E ¥ §

(=)
N/

09¢ 00¢ 0} X< 08T 0c1 09 0

P8r T d3BANN NOILV10Y



F96T 14=1-11
d38RN31Ld3S 380130

9 £ B 6B OTTTCTET PT ST 9T LT BT BT 02 T2eceE2 b2 Ge 92 282620 T 2

D)

09¢ 00¢ Oot¢d 081 ocl 09 0

GBYT &3HAMN NOILV10Y

52



M
10

14= () F96T

4380130 4380130
E # & 9 £ 8 6 OT TT 2T ET T ST 9T 4T BT 6T 02 T2 22 E2 v2 S2 92 £2 82 62

Rgp?

09¢ 00¢g 0) 27 08T 0c1 09 0

98T &3JGNNN NOILVL10Od



¥96T ¥967

380130 J38N3AON
OETE T €@ E ¥ § 8 £ B8 6 OT TT T ET ¥T ST 9T 4T 8T 6T 02 T2 22 E2 ¥2 52 92

0

09S¢ 00¢ 0,24 081 ocl E 09 O

/BT &JENNN NOILV1OY

54



[T9]
0

7967 F96T
t3BRN3IAON &438WK3330
i2B2620E T @ E ¥ 6§ 9 £ B8 6 0T TT 2T ET ¥T ST 9T 4T BT 6T 02 T2 22 E2

f"“'\

(—\

09¢ 00¢ 0} 47 081 07! 09 0

8871 &3EANN NOILV1OY



F9B6T G967
38W3330 AVINVE

25292 /2B2620ETET 2 E ¥ § 9 £ B 6 OF TT 2% ET ¥T ST 9T /4T BT 67

4 1
, \
1 4 ,
() v W,
e / \/
\
09¢ 00¢ 0) 74 081 o2l 09 | 0]

6871 d3BWNN NOILV10d

56



N~
0

S967 SS67
AUVIINVI AdVNnae3d
OcleceEe e Se 92 /2B2620ETE T 2 E ¥ § 9 £ B B OT TT 2T ET ¥T ST 97

b

09¢ 00¢ 0} 24 081 ! 0% O

ObFT d3BANN NOILVLOd



5967 95T
ANVNYE3S | HIUVA
[TBTETO2T222€E2v25S292¢282 T 2 E P S 9 £ 8 6 OF TT 2T ET ¥T ST

N

]

#
S
~
7

09¢ 00¢ 0} 27 081 07! 0S 0

TbrT &38WNN NOILVLOYN

38



(]
[Te)

S967 5967

HJYVI 11ddY
ST /TBT BT 02 TeccEe P2 5292 /2B2620ETE T @ E ¥ § 9 £ 8 6 0T T%

T
SN

09¢ 00¢ ove 08I 01! 09

cbl &38ANN NOILV.10Od



S96T G967
1Iddv AVR
CTET PT ST 9T AT BT BT O2T2ceEeveS29242682620E T 2 E ¥ § 9 £ B8 6

T\
© LY R
Nt d, .
(DN NA (1
U0 -
09¢ 00¢ ov<e 081 oTA! 09 0

EbrT &3BANN NOILVLOY

60



[(s]

G967 | GI6T
AVR | 3INAr
OT TT T ET PT ST OT LT BT 6T 02 T2 22 E2 p2 G2 92 L2 B2 62 OETE T 2 E ¥ S

i O
()
SNPN \S)
o a UMY ¢
\M/ 9 Au//”\\w/,w/
\ and A )
< R} O
0 G ,,
Q PR
09¢ 00¢ ov2 081 oz1 09 0

Pl T d3BANN NOILVYLOY



G967 G967
aNnr Anr
3 £ B 6 OTTTSTET PT ST 9T LT BT BT 02 T2 22 E2 b2 G292 /26B2620E T 2

< PN
)
A // P Id H/.’/
~~/ 1§ D
N —_—
09¢ 00¢ 0} 24 08T OTA! 09 0]

SbrT &3BNNN NOILV1OY

62



SS67T

G967
ANr Anr
mvmmmmmod.ﬁ.«m.ﬁm.«vam.ﬂmaA.ﬁm.ﬂmaomammmmmvmmwwmmmmmmm
A
/
0O C
T ) () - A i
/ , Sl U
09¢ 00¢ ove 081 OrA ! 09

96FT &J8ANN NOILV1Od




S96T G967

Anr 1snany
OETE T @ E ¥ § 9 £ B8 6 OFT TT 2T ET ¥T ST 9T 4T 8T 6T 02 T2 22 E2 ¥2 &2

\\ =N,
padi
\\
L’
@ h\.-/.
— \ N
N
09¢ 00¢ ob2 081 021 09 | 0

/bFT d3BANN NOILVL1OYN

64



10
©

S96T | | S96T
1snanv d38W31d3S
92 (2 B2620ETE T @ E ¥ 6 9 £ B 6 OT TT 2T ET ¥T ST 9T /T BT 6T 02 T2 22

N
& | N
) (|- HON )
\ N Q N/
09¢ - 00¢ 0) 24 0871 ocl 09 0]

86FT d3BANN NOILVLOY



S96T

G96T
y¥38N3Ld3S ¥380130
Eeve G292 26B2620E T 2 E ¥ S 89 «£ B8 6 OF TT 2% ET #T ST 9T /T BT 6T
§
/ L/ @
S |
y \. FK ﬁ
| Al ! ™\
A7 PN ,
\ NP, ./
(
M
09¢ 00¢ ob2 081 021 09 0

66FT &JEANN NOILV10Y

66



N~
(o}

G967 G967
&d380130 | 3BN3AON

O2TeceEeveS2 92 /2B2620ETE T 2 E # S 9 £ B8 6 OT TT 2T €T #T SF

RS
™\
~L/

\
N

7

=Y/

09¢ 00¢ ov2 081 021 09 0

O0ST &38RNN NOILV10Y



S967T G967
JIBN3IAON d38W3330
ST L1 B8T6ETO2T2ee2EE P2 5292428262 0E T 2 E ¥ § 9 £ B 6 0T 7T 2T ET

° ° °

<
[

09¢ 00¢ o< | 081 07! 09 0]

TOST AJ8AMN NOILVL10d

68



9]
o

G96T | 9967
¥3IEN3I30 AYVIINVE
PT ST 9T LT BT BT 02 T2 22 E2 P2 52 92 L2B2620ETE T 2 E ¥+ § 3 £ B8 B

"\

a
\
N

T

09¢ 00¢ ot¢ 08T ocl 09 0

c0ST &38ANN NOILVLOd



3967 9967

AUVIINVP AdvNa834d
OT TT 27 ﬂﬂ PT GT ST LT BT BT 02 T2 22 E2e e S2 92 /2B2620ETE T 28 E ¥# S
1)
0 N O
( (\\
J | N \ | )]
D \I
N |
/TN R / //
/ §) 0 /,nvhvf 4
\ /NN \;
— 7 N\ ANA
( N
09¢ 00¢ ove 081 ocl1 0% 0]

EO0ST &JEWNN NOILVL10d

70



N~

93967 9967
AdVNyE34d HJ&VA
9 £ B 6B OTTTESTETPTI ST OT LT BT BT O2T222E2reSe 924282 T 2 E # §

- O
L :
\\..l\.l//r I\ nu
ey ol [ N AN 0\ A e
@\ NEFATINVANHN: () \
\NA\ W N Y b
) —
—~ L
09¢ 00g obz 081 021 09 0

7OST d3IEANN NOILVLOd



93967 93967
HJYVRN 1Tady
3 £ B 6B OVTTTSTETPT ST 9T LT BT BT 02 T2 22 E2 b2 G292 28262 0E IE T

~ | 1D

/7
{ ) | F
0 N2 U ( \\v @) /
—_L/] QO \

'// AU.A/./ NN r@//z PN
D VEAVEN\SB)) 9
= \ NI 1
Y RN VAIEA

N fr.lr m e V. N
09¢ 00¢g 0} 24 081 07! 0S 0

GOST &38AMN NOILV10d

T2



A
N~

3967 9967
1Tadv 1IddY
e E ¥ & 9 £ B8 6 0T TY 27 ET #T ST 9T 4T 8T 67 02 T2 22 E2 #2 &2 32 /2 82

N -, =Y
~ 7/
jA’ll A ——
J\D D | L« | AN D — N
(N [V QO
NS T =N 114G Ay
o NI N ) NN [ O N2 &
PR e N
N ’ & N A )
v A | Vil =
09¢ 00g ot¢e 081 ocl 09 0

90ST A38NMN NOILV10d



9367 9967

1IddY , AVR
BEOE T 2 E ¥ S 9 £ 8 6 OF TT 2T ET #T ST 9% 4T 8% 6T 02 12 22 €2 va2 =1
() )
L
SN \.h” )
»rv ™ ( o)
/,\ N, \-.lr/
¢ =
S M g [©
N o/ =N NN
(I N ™\ \C2 T Q) RN LIS
,f/ | /\ ) 1“ I~ Q ~J 4/Fvv
N »
O\ \Lﬂ7

09¢ 00¢ Oot¢ 08I ocl 0S 0

L0ST d3EANN NOILV10Y

74



[{e]
M~

9967 | 93967

AVI e
92 L2B2G2O0ETE T 2 E ¥ S 9 £ B8 6 OF TT 2T €T ¥ ST 9T 4T BT 67 02 12 22
® < / ..\
N —~T >
4
=P () O TN
b \\\\\ /) Dw — 4
g (D] ey @ ) \
NS S o @ | | ]
)\ D \ - (e~ fa A@ O )
RO\ W) BIEEI=NA 0 NN A J1ANIE
// - / / —~/ f/l\/.w
AN T
OO\ D ()
09¢ 00¢ ovz 08T ozt 09 0

80ST &JAAMNN NOILVYLOd



9367 8967

3NAr Anr
EebeGe 922 B2620E T 2 €E # 8§ 9 /£ B 6 0T TT 2T ET #T ST 9T /T BT 6T
A | Q
/N
“H/ N\ AJ ‘_ 1
1O) ) —/ N (|7
= ) (=) (N L/
- N J ) = '8
AN N — Y \ o
ﬂi\..,)/ i o o~ ) 48 (
N )/ VN NR—A D ff \ L/ |
= N LI ON [ | T=H N\
R el f! /l\b v \
) ol | A /
09¢ 00¢ 0] 724 081 OrA! 09 0

60ST &38AMNN NOILV10

76



N~
P~

9957 9957
AN 15nany
02 T2 22 E2v25292 L2B2620EFE T 2 E ¥ § 9 £ 8 6 OF TT 2T ET bT ST

N \ R
\EJ)
\ )r D ) i, L
[ AVdA b
S r{aN) RN
A - ) —~J ~
~ < LG 7| NIV
N 1) /e\\ A7 ZSV/a) C
D A [T = ¢ J( O] LA VA
= | (g (=AY /|
N N / —~
Y //4\1
09¢ 00¢ Ob2 081 021 09 0

OTST &JGNNN NOILV10d




3367 9967

1snanv 838R31Ld3S
T LT BT BT 02 T2S2ES2 Ve G2 92 /2 B26B20ETE T 2 E ¥ G 9 £ B8 6 0T IT
7| Oun
e |
. ~ 0 =
\\ , \ N~V C
< )/ \Illr/lll hw /flmw
- F /\‘ N..J 3&\\4 )/\)’ ’“../ ®
\7 )
.\R\) \“ S A\v.\.a N N N
Zi)\ VAW SEENL WA= Ve
/] N~ < i ydzalll
% Y a2V
AN A

09¢ 00¢ ) 27 081 ocl 09 0]

TTST &38NMNN NOIL1V10d

78



d3BRN3Ld3S
ST ET PT ST ST LTBT GET 02 T2 2 E2 P2 G292 4282620E T 28 €E ¥ § 9 £ B 6

\

W

/

AV)

AP
N

Y4

00¢

4380130

o,
Y
f\K
| -
i
\\l
Q
R,

aY 1A

TN

)

LT
LN

N\

clST &3J8ANN NOILVL10d



9967 83967

d380130 d38N3A0ON
O..ﬂ T 2T m..n ¥T GT 9T 4T 8T BT 02 ._“.m ee m.m v..m m.m m.m N.m 8e &2 o.m .ﬂ.m .ﬂ m m w S
{ |
N ~— A\ F
) A4\ /
~NJ A // / )
O \I/\ \\U \ \J \»I hm V O' \ ¢ \\ ] <\
N Y AN Y
Uf \\Afm. & \T”I\J \/.\\\\\J e N
— —\ =N ] / (L 1)
D S ) T Y
~7/ BN 71/ Al % _
e } WP 4
N
. AN -
09¢ | 00¢ ob<e (0]2]1 021 09 0

ETST ¥3BNNN NOILYLOM

80



@

9967 - 9967
J3IENIAON . d38W3330
9 £ B8 6 OTTISTETPT ST AT LT BT 6T 02 1222 €E2 W2 5292 2826206 T @&

\:/
ENY
. /] \ AN
/1) \ O, /o) | A
\ 7/ /\ , - /
i ~ /PN - 1“/ /

JAR yran?l il [ A~ \\’y ~ / L
dATINA4V 4 \/id/IER i \\)\\\ dP BN I(INa
=/ B ABEVA "\ 1/, [/ \ i

NS YN ENA NT I
v 0 N [
’ NN [ \ )
09¢ 00¢g 0) 24 081 oci 0% O

PTGT d39ANN NOILV10d



9967 9967

¥36N3J30 N38N3J30
€E ¥ S 9 £ 8 6 0T TT 2% €T »T ST 9T 4T 8T 6T 02 T2 22 €2 v2 S2 92 /2 82 62
> T2 2 £ 8 5OV el EN VY ST ST LT 8T 6T O © &= be 5e 3¢ e 82 be
ANV | o
N A | /
[ ! 9\ L
] /T ( W\
/{ /4N
| J y N
(o VoVl \ Pay
w .y/l e A MNs]
\ S JINIWNCL TN AN ] A
rv i \ /| N/ \ \ ARNIZN
N T N N N
~7 4
09¢ 00s bz 081 oz 09 0

GTGT d38ANN NOILVLOY

82



M
¢}

33671 /96T
N3EN3330 ASVINVE
OETE T 2 E ¥ S 9 <« 8 6 OT IT 2T €T ¥T ST 9T £T 8% 6% 02 12 22 €2 b2 S2 92

3
\JJ/ ﬁ\..\l/ //:I.i | TN N \Hz// - e
[l MUY LA YERUIAN O\ (AT
R N N UD | VIV RN MEVA!
NS/ W R A NS
N siaw %4 N Q9 | RS ~
AIGIRN S AVENEPD=Y WH AN N
| \UAWANINYAa N I/ UL \
W WO N\ \ (PR
_ T N ARWANTAR Y ARV =~
09¢ 00¢ ovd 081 oyt 09 0

9TGT &JGNNN NOILV10d



£967T £967
ANVINYP AdvVNdE3d
i2B2B20ETE T 2 E ¥ S 8 £ 8 6 OT TT 2T €T ¥T ST 97 4T 68T 6T 02 12 22

& _ . A.\ﬂ T
\. R . Y N » .
Ua=A u \ )%A / )/ <
yd N\ A (TN N\
UV NN QT DITNALVY UL . | LIRS
d NN NN NP N O 1 1)
&\. AN N =N P N Y | T
N AR Y ATSHINA TV (K o
o NN //, \ ~/\ V) V| Vo M WA NN S
) 1 aN AN L VNS N A
/= = 7 NN N
N N ) \ \/
09¢ 00¢ 0] 704 081 ocl 0% 0

LTST d38ANN NOILVLO0YH

84



[lo]
[¢0}

£96¢ £96T

AdvVNaB34 , HJ§VHN
E2Pe e 82282 T @2 E ¥ § 9 £ 8 6 OF TT 2T €T ¥T GT 9T 4T 8T 6T 02 T2
0 A\ 110 )
A A A \ N
C hYEPEWAN7=\) N |f/ e . |
A 5T ICA NG % v M) | A/ (AN
~ €N U \ B dER\ WD)
r/!fVu\ aNne /v "/ | VNI \) ) r........\\ by
Dl A (TR AN A AV T AL
\Va NSO W NN AN (NS NN |
/ =N\ [N VW TN A A TN D] TSN
i\ MO ==~ (TN NS RER=
“ A INEPR ~\/ AT
V1V Y~ M A b N NA
09¢ 00§ ove 081 o4 09 0

8TST &3HNNN NOILVLOd



4361 /96T

HIMVI | II¥dV
ceEeveS2 92 /2 B2620ETE T @ E ¥ § 9 £ 8 6 OT TT 2T €T #T ST 9T /T 6T
.,w_t\ | A/ﬂ ..\J U 4 AHW
e
a e IO\ N
BhdEI@EVT= ( D) d
NN N/ MR\ A
N L LRI N~ U . PN ~ -
/.\\/m Loobzs PPN\ / J N (' /II.\/ i 8 /
S/eaN\N D)) TR TYQAND .
7 AN DI\ S AN A A7y
— ..m,“/\mul..ﬁ\\n,\ Nila ///\ N S a Y A W
7 N | )
N \\\ ’ / \ \:W A

09¢ \ 00¢ Oov<e 081 0ocl 0% 0

BTST J3BWNNN NOIL1V10Y

86



I~
W

£96T : | 4967

11adV AVR
mdom.ﬂmmmmmvmmmmmﬂmmmmmom.nm..mvmmhmmo.nd.nmdm.ﬂv.nm.d
N \J
\d ra n ( p
n A~ O\ Py NN N A
O S O, (D ~ 1€
D) ~)\ N\ ) [\ VI M~
=7 s Rl RS Era\: o -~
lvad . ! (NN XN [
A ~ A SN RS
G a2 TN TONDS LK |
R BT ASZA I a N ES A=
ST PAnaN AN N am 13
¥ P > (1 ~\

09¢ 00¢ 0] 24 081 07! 0% 0

0cSS5T oJ8NMNN NOILV10d



£367 | /96T

AVI | 3aNNr
09t /7 8T 67T 6@ T2 22 €2 v3202 92 L2 B2 BBDOE TE T 24€ ¥ S 9 3008 6 OF TB60
- el U/
AR
\ n N L (N
FAZN /8% MWL AN o~
ROV T (2 NN DN O
~ w < q\ // / \lff rA\) ./v
N L) P ( g N\ 4/ s — T
A Dla & T NI N OYNETO)) |l
[r:(ﬁﬁ\m VARSI S 2
N/ = - V) AN
) QG \ ); ©

15T d38ANN NOILV10

88



[0)]
[e0]

£967 V, £96T7

annr AT0r
2T ET T ST OT LT BT ET 02 T2 22 E2 v2S2 92 L2B2620E T 2 E ¥ § 9 £ B
0 (Y () o
A mv7z=\\1D N TN
, I N/ ([ M (J)
4 ~ ~~ | U] [ =\ M/
) (D {
1N nf:l../ —\ > ya \/ I.IW
= AN LA LU ANHCNS L ANASY (MO [ )
N DI N TS RPAN\SS @ i RNy
MU T MLN AN Y [ TS T :
LA J NV | LS -
D f
09¢ 00¢ o2 081 ozt 09 0

ccST d3ENNN NOILVL0d



£9B6T £967
Anr : 15nany
BE OTTT ST ET VT ST 9T LT BT BT 02 T2 22 E2 P2 S2 92 /2B26B20ETE T 2 E ¥ S

- ~
] I\ D~ L sl
REESAR/RV/AAP =R NI AV/ZA
SN WY | (AN o M ~_|/ )
(A BRI AR/ NI
N N/ g \\-ln/.ll:l’ - b
0 o i
. (I D TSN )
s\ EriaANwNy 0o TN Z TDIN ) ) |V
(IO JAoN[n] TAY ~ NC ) AN L
o //L ~ bt \\m\q AN Y
S SEE@P
~/ 0 ™ /.\
09¢ 00¢ 0704 08T oc1 09 0

EcCST &JEAMNN NOILVL10d

20



9]

£967 £967

1snany d38W31d35
3 £ 8 6 0T 7T ST ET ¥T ST ST 4T BT 6T 02 72 22 €2 v G2 92 42 82 62 OE TE 7
~ S :v ; d d \ f Va — /
// Pa N \./i/ \ \ \\ IJ VR, # : \\\}
Y ) N IO &,\ UYL A /|-
~ 7 e ) NV [ TP~ N Y ) _/
P A NS4V 1NN dba
AN ARESA SENERENdSar-a0)- A/ iBBEAC
\\\‘/J,/ [#N NN A ol L  /\ 2 A\~
TN O N7 YO C
\ | / = AN ANIENEANVIVZS1 )/ 1N ENES
OIRDA /AR VESARN(S G AR
) . BEN N~ )
A Ja VAS 740
09¢ 00g Oov¢e 08T ; ! 09 0

PcST &3J8NNN NOILV10



£96T 4967

d38W3Ld3S d38R31d3S
w W w m m « m m oﬂ ﬁﬁ ﬂﬂ ﬂﬂ ﬂd MH ﬂﬂ AH ﬂa ma Qm ﬁm Nm ﬂw NN mm mm Am ﬂm
/\ / PN TN \3/
~_/ I PaN uL,m \J / ,_,\\// \
TN AN A~ \ NN/ |
W O OSSN (@26 =
AR BNEZNYSRULDANEL S A =GR PNY;
Zaun> AP A<
\ (| AW\l N L lsal 7T | )
Fa/IP) A ENNEENENY/ o\ WY, IRNEZNP:Y
ST Oy (5D R ) K
U P11/ FRAVAR AN AV NN
TV LAY N T (Y ~/ b
™ /f N\ s /r / \|I /\-/
09¢ 00¢ 0} 24 081 OrA! 09 0

ScST &J8AMNN NOILVY10d

92



M
o

4967 £96T
d38N31d3S 8380130
62 0E T @2 E ¥ § 9 £ 8 6 0T 7T 2T ET #T GT 9T 4T 8T 67 02 T2 22 €2 v2 &2

a4 /N
/ ) VAR AN INETFAN
ap SRS ANV [ TN e/
AER VNIV ED RV NI R4
//..{\\} N2 a4 8% (| lo —— ~ [
pd NS |V L AN } \ ) J \&\\H,//.
V= ~N N | AV 7N J £ T \\\ \N/MY)
] y | L/ (2 A [ 1a /N
INENN ) . ~F s/ L Y TV TRV
N T e N
— ! \ v.m pa \ N ",.- e N
A — | \/ T IRIaNA A
09¢ 00¢ (0) 4 081 OFA! 0% 0

32671 d38ANN NOILV10Y



4967 \ £96T

&d380130 . ; JIEBNIAON
B LB2E20ETE T @ E ¥# § 8 £ B8 B OT TT 2T ET #T ST 9T 4T 87 BT 02 T2 22
T Ny,
TN A M A QHP\Pa\y {1/
BNEMRNEAZ VAN VARRY giVa
/ 4N ) / YEN=URABRYE
NN RERENA SN/ F R RO ZR 1 (AR AR~SY
o Pad m\ \\J N\ Ja\ N \\l./l\\\w ..\u / H.)J ‘
AN R T \ Vi) N/ £ 9 =
DN e KRIY AN T NN/ (N
NN L INNY N~ DL AR A Fan AN
Whislald ~ VI NS YT
(] W Y (AN \ | NSy
\ N ) 1) ¢ (i () NN
09¢ 00¢ 0} 2 081 4! 09 0

/Z25T d38ANN NOILY10d

94



0
]

4967 £967

38W3A0ON 38W3330
Ee P2 G292 42B2620E T 2 €E ¥ § 9 £ B8 6 OF TT 27 ET ¥T ST 9T 4T BT 67
LA\ \\.I \\\ /(\\J /
A \\ _N /] //\ 1) ....\\\.// \ /ﬂ\)/\\ \/
A WD / M / : TN \O/
) N NCISA VAl o) (1] Y. =
) ) /M ./ RVINA4a/[(DEDa)\

N AL T (T ’ (N N AR
ANV ZaN / o INA L]V a PNINE AW
O/ [ N (U loy AL
: NJE MmN e G ] I ) LIC TN
N7 INEDN I AN A=
A ATy Y =1 ST AT

\ NMEE \ |/
09¢ 00¢ 0] 24 087 0)A! 09 0

85T d38ANN NOILV1Od



/96T | 8967

¥3EN3I30 AMVINVE
O2 122 ESpe S8 92 L/28B2620ETE T 2 E ¥ § 9 £ 8 6 0T TT 2T ET ¥T ST
\ ./ \\;p “ \\./ R, k.\\ ,/nl/ \
P aBYANZId\V7a DRV =S [ AU
‘ / av/aN A ML IO AN N Y UV (L
NS R (7)) woIN AN ES AT @) N\ CARS |
LN CA N HREA\Y/\NY ==
, i \\=4 V7N A A (T SN =N
L Vs VAL =R WAUD AN Mf AN PN
L N T A T K WAL J
(R V) ) ) ¢Vﬂﬂ NN
/| |} ) ° 4 N | M “\/M"L \
— )\ \ | ~ \ m
M [/
09¢ 00¢ 0) 4 081 OTA! 09 0

65T d38NNN NOILV10Y

26



~
(9]

8967 . 8967

AMVANVE AdvVNYE34
m..ﬂ n..a BT BT 02 Te22ESeve e 92 /i2B8B2620ETE T @ €E # § 9 £ B8 6 o..ﬂ .ﬂ..ﬂ m..n
~_ . JaN\INENAND e \
Vel \ NIV YA\ UINE=N LN W
2N = NI/ (WA SE NN B
\ J PN I ’ f //. /:/ 1// A }, - - / oy
ImERAY IINARCSER A RTINSV AEN AR
_ﬁ. «uds\} \/( \ /..\ /J \ >~//. “._ /7 .M ..V.\. /7 //.\\\ll/
Vo durfsn IO R o NT N * AN ][
N ENERNIGINIERIANN M\ v ) )~ AN
NN HASANRYaN\2 \ NA VNN
T TR TN A0
~ N ) N |
U e
09¢ 00¢ 0) 27 08T oci 09 0]

OEST &3JEANN NOIL1V10d



8967 8967

AdVMHB83 4 HJ8VA
m....ﬂ v.._u m..ﬂ m..n A.n m..n m.._ﬂ o.m .ﬂ.m ce E2 ﬁ.m m.m w,m e 82 B2 .ﬂ m m 14 m m N m m o..n
(\v . / Na AN el i .// r\\ 1
ﬁ / /// \ A\\/J N \\m»// K r .\ \s. \\”U A
PN Voo \ N =N N T N
lx-\\. \ \/J’ /Mtl\v sj / /l\\ o N V\ a\ﬂllll“\ N\s.ll,.o— U/r //
OSSO D CTISS N2y AT IND)
~ | o~ WA EANFE YN N
N MTANATIE AR R NE BRSNS R
ONQ N VIR D NN S
.I.L../(/ /..\. N \ /\7\\/ &
\ — N AA
\J -/ ) /
09S¢ 0]0]% or<e 081 07! 0S 0

TEST d38WNN NOILV10Y

o8



o))
»

8367 8967

HJ8VI TIddY
.n...n m..n m..w v..n m..ﬁ m..n N,.ﬂ m...ﬂ m..n O.m .n.m ee m.m v.m Mm w.m N.m m.m m.m O.m .n.m .ﬁ m m v m m
( N/ | M //\‘\ fam i
, \\ D) N \ MA/, \
° . N\ J ...//V /.L \
R AR A AN
S Y P N O SN2 VO i
AP N e e s umi gt
L\ NN I E L fa\ I /1
N TN OSSO SN N O 17 L
WIBE BB SPN A ARESANAN =)\ | (AL
" NN ) SatESSEnEp
[ J a0 (O
| \ U AT A N
09¢ 00¢ ob2 08T oz1 09 0

cEST d3HNNN NOILVL10d



8967 8967

AT8dV , AVN
m m m O.d .w.ﬂ m..ﬂ m..ﬂ v.ﬁ m..ﬂ w..ﬁ N..H ﬂﬂ m..w O.m .ﬁ.m m.m Ee v.m m.m = I= N.m m.m m.m O.m .ﬂ m m v
T
] O\ | {2) A o O
W Y T~ % N ~
/’ )v/ o i = / : C < B = < v Pt
MANS22 (SRLN (T L/
/v \l.\ >/r \U /& \ ] l./.lf/ o |t e £,
NNV AR S YO N EES N AR
@Sy yom NN (@) 5
NN // /v Y //. 4 v (\\///\\ /r m ///...\\\\NLA. ‘
\ S
\V ~
09¢ 00¢ 081 0T 09 0

EEST d3EANN NOILV10d

0[0)



o

8967 8967

AVN AVA
S 8 £ B 6 0T 77 27 €T ¥T ST 9T 4T BT BT 02 T2 22 €2 b2 G2 92 «£2 B2 62 OE TE
) \ (L ALY
l\ \y, // Y ﬂ/// A P.l/ h -
A R =J/a\ WARIPARNEN;
TN N N\ISANEZ R g/ N | N\
TN LN T N VAN |
&L LA o U Y ( [ 4G NA
D) Rl N | SN (NN T N QNN N e
RANaNARA NIRSLAI YN INE NS>, N\ NN N\ DL =
N A== [ [N\ [{) NN WY NSO/
N ASSA AT IRN) BN NN =) M) N
— & D Y W g
\ A A N N\
09¢ 00¢ o2 081 ocl 09 0

PEST d3EANN NOILYL0OY



8967 8967

3Nnr aNnr
.m m m v m w N m m o..n .n..n m..ﬂ m..ﬂ v..n m..n m..n .m..ﬂ m..n m..n ﬁm .ﬂ.m m.m m.m v.m m.m._ m.m m.m
/\\ij- x\\ /,. Py \ ‘\\ ™ V4 et ~ - 2T, r\
SR\ ACERN; a 7 OO
N KOS S A s YA\ BN B G
S A= (19 hy,\ 1IN =0 7R\ o NI/ =N
(e U A TN N N NN e 1 TUR O
8 Db T LN N U ) =2 b o < A
N~ L2\ (=0 AN A O
WS NRVANRLEBRN =R ©) 5B
S I NN N\ 2 =
- = Q \UJ NS A \
i \} / 4/.\0 b 4 ' //
09¢ 00¢ Oov¢ 08T Ocl 09 0

GEST &38ANN NOILV1O0d

102



M
(@)

8967 8957

3NNk ATnr
B620E T @2 E # €8 9 /2 8 B OTF TT 2T ET ¥T GT 8T 4T 8T BT 02 T2 22 E2 #2
7T ALY, \17 A
SEK T LN \S
» ~ OO\ N AN LN R»
AN n SV A T YA
VT TS § QN IRR\VIS NS/
T bADEENE @SN =~ TV
Fv T A/ ( WRENE ZNNNIENN B
JIRNENEREENDNNE UG PANANEA
O UM = Y S INVUAY /TS
SRR Y o~ e
AVALY, J ,
N ay NENARRTIN 1~
09¢ 00¢ )27 081 0y 09 0

9EST &38ANN NOILV10d



8967 8967

Anr 1snany
m.m 92 /2 B2620ETE T @8 E ¥ S 9 £« B 6 OT IT 2T ET ¥#T ST ST /T BT 6T 02

J 0 e I ARNENE o

; v SNBRNY/ JAN

D | ,V . \y,ﬂ \ \ \ = \/ \V L
I (DT e || =N ARAr Z )7
72/ AV RNEA SN Ja» ool A NUAOHND
AN =L))o T L QT S

TC DTN O QU N = Y

\"~ @ il ST A VA =) A AN
= ) { Vil a-S iV (aYANAY

ANBEYE WA IDIRSAS/AD IR YZS
{/ NS - d | / \ |y
A A N oV 19
09¢ 00¢ ove 08I 0ocI 09 0

ZEST d3FHNNN NOILV10Y

104



105

8967 8367

1snany NIEILIS
T2 22 E2 P2 S2 92 268262 0ETE T 2 E ¥ S 9 4 B B OT TT 27 €T #T ST 9T 47
N\ R [N NCIN L L Ve TN
) sy ™M I
2R INPE Fa=u TN ~\
S AL )/ i /AW/Z\\\ ol N /N
— U/ L. QU IA) ) | ax s CS /)
I Y KT N NN MM\ ~1 AN
@7 EA) 1 (/N MTN pdill N4
o~ A I N LI\ /]
(O)) 71T \ T LM e AV
NSV« \J L i |/ 1 O
AV T ! R N &
01 A ,_ 10
09¢ 00g ovz 08T ozt 09 0

BEST &JEAMNN NOILV10Od



B9GT B9GT

dJ38W3Ld3S 4380130
m..n m..ﬂ O.m .ﬂ.m m.m m.m v.m m._.m ﬂm N.m m.m m.m O.m .ﬂ m m v m w N m m O..ﬂ .ﬂ..ﬂ m..ﬁ m..n v..n
P v/ el VT
% SPNEEUEEES [ /S
Jha\\ o / A [~ N\ TN
/ J \\1(\\ h \\\\ q £ ~™N N Nt.\\l\\ J / \\
aNAAnpFdudn (/2 IRy EP 4V /ERT.AY.
Vi Dty s o] | /Y NCL AP T
BRBAS ) =asZaN\\NLpriu Y (0)) =y
(I~ (e ¥ N LI\ LA A -/
| N Y YA A / T
~~ N / ) ;\/v J \\
o) | / A/ S~ AN [ v
4D Y AN N/ LG 1 P
09¢ 00¢ Oove 081 014! 09 O

BEST &3EWNN NOILV10Y

106



~
o

8967

8967
3680130 d38W3IAON
m..ﬂm._“h.am.ﬁmﬂom.ﬂmmmmmvmmmmmNmmmmmom.ﬁm.ﬁmmvmmmmmca
7 TP TNCTNT ! BTN
A AR KA LRE Y DA )
NEANBRAAVINENZNY N\ SVD Vi AN POl
N AT IERaYE" /2% /A ZATN/a)/Sdi;
AC/ZVIERy AR\WANICS/ (@) 4082/((5/ 48R ARND
EENAPEY/) P Ne< )=~ AV /iy/ 7 A TAVN|
82 v=(0) D IARYNOVAY anzraana ) any
A/ AV Ay 1 ARNILL e AN (s WA\
W A 1/ARRZA SRR
ONS (L ATVAESENELY )
SRS EVAINGZ2D BRI PN /
(/D (1] TSN Y
09¢ 00¢ ov<e 081 0ci 09 0

OrST d3EWNN NOILV1O




B96T ’ 8967

d3BW3ACN d38W3330
12 wﬂ ETPT ST OT LTBTET 02 T2 c2E2 e G282 4282620E T 2 E ¥ 6§ 9 / m
(1) 'in bk /
J A~ A/ 2 7\
A ANA WSS [N YA AL A ON |~ M
e RED AV AANEVIENUA Y/ aas
FIN A OLA ) Ea I lp DRV e
¥ AT LA 78\ e L
yaNNEDLEAN A AL NGV HE: Z)ID) IV
Hollf. - (N VL[] A\
\ 1A WY W Ty L r—~— =) {!
X 1IN I I/ L) ON Y a8 .
) a I N QM |
{l an N (O )
09¢ 00¢ ov¢e 081 oci 09 0

TPST 438ANNN NOILV10

108



()]
@]

8967 | 6967

d38W3330 AdVIOINVIE
m OT TT ST ET PT ST ST LT BT BT 02 T2 22 E2 v2 G2 92 L2 B2 62 0E TE T m € 4
\ \ VRN o ﬁw \\r /
alarrmnan T~ 1 VA% a /=)
NI Tava liRunulVAT AR SRy o~
)AL AV Ll Y adh=\l/ )
C L I\ =LA AN INANPEEA mp
A T AN ATV AN s
N p NN A / ” BT\
4SBT EPIe | Y\ 12N RAERAN
O WL Y O~ WIS
\ CL P/ A TN NEaSaNE
g N M NI 0 ) ~ N
~. \ ~ ] !

09¢ 00¢ ot¢ 081 07! 09 0

cST d3J8ANN NOILV10d



BIE6T 69671

ANVANVE ANVOANYE
S 8 £ B 6 OF TT 27 ET #T ST 9T 4T BT 6T 02 T2 22 €2 v2 S2 92 /2 82 62 OE IE
VLN A . [>T
J 0\ ] Y (MY
INRadl/a =N \ L A DTN AN T A
VA T OV (N
NIAV/IEE . YA ITINS \
¢X,/Lxr | N N AN L ~~/ N
d//IN) (1 NN NI TN
NI BELYAN NEANEN ) ARVED
W1V, WL (0 A Wl I N (SN
, SN SN T N hud NI Q)
l\ 4'/.\ 7”%.\/ 4!/ /-p Siney] Sl
| NJ
09¢ 00¢ ob2 - 08T 021 09 o)

ErGT d38WNN NOILV10Y

o)



6967 , 6967

AdYNeE34 Advnag3d
.m m € v m 9 £ 8 6 OT TT 27 ET »T GT 97 4T 8T 6T 02 71e m.m Ege v.m m.m m.m N,m m.m
— = T T A A NNNAN
\ /) O 1/ ARRD,
f..\ . ) \\/, / 12 .\D = \\
DARIcIEele VA\VESREa BN/
NEEENARSENNY ORS¢ N
- \ Wliiast Y N LN \ISEATY L AER U
~ L SCUADEY NI ) NECNC DN AN
A0 L N/ INEAYMNENEEEIEAUN DI Nt
AR == IAE RN IS SVNEPAS=N/JES k
\ AN ~ ~J
1 W \V
) N
09¢ 00¢ 0) 74 081 ocli 0% 0

ST ¥3IENNN NOILVLON



6367 G9ET

HJYVIN HJYVA
.mmmv.m;wNmmOﬂﬁﬂmﬁmﬂv.ﬂmﬁmdmﬂmdmdomdmmmmmvmmmmmhm
W TN RATTTS 7T NC=D 7

NAMBNA R VAR * T N

TAC (T N = J
o) BA\ND SR R A W i (D e Vo
) AN ANPNERZ PN y

SN Y N TP o\ 9

128 *NEC)NZENENNANE (ViR (e
(EDIANSZAREA VAN \W=24A =2 >
O AN I Y TN ,
1H)ERN RN Z A
\/ = VN E %
09¢ 00¢ ove 081 oct 0]

SPST &38NNN NOILV10Y

2



0

6367 ; 6967

HJdVIN 1IddVY

B2 B20ETE T 28 E ¥ & 9 £ 8 m OT7 TT 2T ET ¥T GT 9T 4T 8T BT 02 T2 22 Ee

™~ NA TN T T IR A VLA

AN ] ™ MR A NN LN e

/ h0): NN \\MJ T e Y .

.,V f EN NN\ = nl\\\/fi\. :I\)/ <~ r\....../ N _.“ lx,. 7N\

C QL NNR A//WU O/ n./J/ IRNZ PN

) T N Y NS N T U] [

I aaY (=N AN N SN~ \
NI\ SN BT MU D)

I Swn SHIVAVASCED X A1 70\ FUS\T: 7]
N\ /A\/ /\\\) =T ( \D\. 4 A\ o~ ) {
LN/ N | NAN N AL N VA AT
N ~ il N IVALNRN /AN

09¢ 00¢ ot¢e 081 ocl 0o 0

IrST d3ENNN NOILV10d



6967 6967
JIddV AV
b2S2592 /2826206 T 2 E ¥ S 9 £ B 6 OT TT 2T ET ¥T ST 9T 4T 6T 6T 02
\ J U ~ , c/.\{\\
N /A . ! s P
v ( B A7 o {
\/(\v U e - AN - lI\D / fl“\ ml\z- /.\sv\nl ll\ \\.\/ /’A
N R -~ @O /o AN
AR G:F= uNBUE NI B A INEERIA7AD, S W ﬁ
~— ~~ANONNN ~ NS (T [T (ee2nd [ D]
SN U TN SN[ M(CDNIY
f\/p J // : 7v PN ’r d ) P i sl /, A ///i! , vf\)/
INRYdENANZAT0N o OO adib
SN IRAVIRY. O™
N A NV ) ) A
09¢ 00¢ ob2 081 0zt 09 0
/PST ¥3GWNNN NOILVLOY

14



(9]

6367 596T

AV 3aNnr
.ﬂ.m m.m m.m.. v..m m.m m.m N.m m..m 62 O.m ._”.m .ﬂ m m v. m m N m m O..n .ﬂ.ﬁ m..ﬂ m..ﬂ v.._n m..ﬂ m..ﬂ N..n
"ML ( T A 1 Y b
e A ™~ > ANAY. =
QV nl\ /A J ,..Il\‘ . f/ o ﬁ«\l m NJL\.\\\H)II
\\\/ 7 \ .\\ / o~ 4 Py el ; \\ V L ,
00/ Q@R
MDA N U 5 e @ NN Y = N~
AN \\//\\}/// - . =2 ’(J r\ qﬂ.\) (0 3\.1 N
N ) P N /\%c, ¢ (@Y
O ) P T S ML )| - N s
~ I\ [/ ZmuZ (rest A
LA \Vd ) K
09¢ 00¢ (0) 2% 081 OTA! 09 0]

85T d3ENNN NOILY L0



BI6T | 696T

aNnr ATnr
BT 6T 02 T2 2E2v2S292/2 8682620 T 2 E ¥ § 9 £ B8 6 OT TT 2T ET ¥I
N
o g H..JJ P / . N J 7\
a, =N N\ ISV X AN [
nl\) \ Ve ——N ..\nw\. 7..\\...;_ d i ~
[ s Zlole& 0 iy (U
PPN ] 7T o \Jf ) 1L o T AN
\J: 1HAYEE N\ 4 & AN NIRATAN /A i N»
IO O ) DSV IO ¥ (O A
e Pl ( ~ D (U NA AN N '\
AN J N NJ ~ \/ e U=/ / .\JI\J T
V al NI~
) 9 \ 1
09¢ 00¢g 0] 747 08T 0cl1 0S 0

bFPST &3HNNN NOILVL0Y

e



r~

6367 5961

Anr 15nany
ST ST LT BT BT 02 Te22ESepvP2 5292 28262 0ETE T 8 E ¥ § 9 £ B8 b O.ﬂ
YT I T
Y LN N VIS IS My 2
| ]/ JN b \ s AN/
v N\ v ~ A //\ Fa A\ (= / \\\ N/ \.\\\J i
410, OOy /2!
- S S SN Y S )
Ny NS NI T DS 2 N
YA A =N g N/ A= o 1] ) N
! OJNL /| | ™ J DL (3 A A N a
LAY TS (Y e/ Qo
N Wiy
P .
09¢ 00¢ 0} 24 081 7! 09 0

0SST o38WNAN NOILVL10d



6367 | E96T

1snsnv d38R31Ld3S
.n..ﬁ m.d ET ¥T ST 9T /T BT BT 02 T2 22 €2 v2 S2 92 /2 82 62 OF TE T 2 E ¥ 6 9
. - \/ _ \i/ 4” N/
N, IR v \ ) UNL
D © =N o\
/ .k\. \ L £ = . A ol \\J“..\n/\ 9,\\ \ \L\J
2 SO I ER I AR AN NINE=/i76
s o /L e A DV NS T 1Y
IRV AN N 7NN/ | A~
A NAT AT T T )N T r@\, NV =] ]
A\.\\ s I~ i O L~ P i r
) S\ ) W
Pan N \.///.l\ ™\ A. ...\ &
AL A ArNERSVANEES uann
09¢ 00¢ ove 081 oc1 09 O

TGST d3ENNN NOILV10Y

18



d38N31d3S
m m m oﬂ ﬂﬂ mﬂ mﬂ PT ST ST LTBT BT O212c2E2 e S22 922682620 T 2 E ¥

W

g

A

=y

T

)

2

\Q
o @

™

9]
N 4
L/

/
2=
N

%
PinN

N/

3

,'-Q\

J

\S7/aa

VS

.

_/

™~

s N 4
)

fan\iV N
N )

NI

N

N

s

/a

Y AN D

T

)
=1
N
(
Ny

\~_/'//
/TN
U 2

\J/

“'

07!

cGS5T d38NNN NOILV10Y

380130

N il

P,

)

; \\\/

L_\ \\
A DIN(T




6967

380130 ¥380130
S 8 £ 8 6 OFTTT 2T ET ¥T ST 9T /T 87 67 02 T2 22 €2 v2 52 92 /2 B2 62 OF TE
-4 ] /.A \ \. //\ 0
/] N
N LA ) < N i J
™~ £ 4 (< mw 7 7= v\
D) N AN B a Al '
iy 4G A L)AL NS
QAL IV D LT[ P L
YN AV AARRSN ST
g L o)) = /] LV A ARG
TN . ( Q AW \
Al
\c \ / j 5, A\/
00¢ ove o8t oA 09 0
EGST 3IEBANN NOILVLOY

20



N

63967 696T

IBNIAON NIENIAON
T &€ E #' § 8 £ B8 6 OT 7T 27 ET ¥T ST 9T 4T 8T 6T 02 12 22 €2 #e &2 92 /&2
d? ~ | A\
~ \ AERNYV AN an
AN AL LS IO
|| A JIa NN L =D/ R N /[ \| &
D AN AN ( qf a-—SBEPI(
(BB NN TN ~ ( 1P fam) N .
NI L AN L ISNAN /4
A ) Vilienl/ aBPNINS\\7 Il (VA4 uP
N NN N TNV TS NLY ZWRv4
TeNAZdAn 7 p |
] \ ~o oA N\ | /Y |/
/ M N\ YN WAL VN S

09¢ 00¢ 0} < 081 0c1 09 0

?SST ¢J8ANN NOILVL10d



6967 6967
d3BN3IAON d38W3330
BE620E T 8 E ¥ § 9 £ B8 6 OT TT 2T ET #T ST 9T 4T BT 6T 02 12 22 EC ¥2

N
AN /S \
ST A 2R
~_2(/ D) ¢ P o~ \ ) \).\.,_ [ /)
ANt ALY hilila \ GO0 WAL ALY
(e = S N RN R A~V 2\ LA\
¥ aw. \\.// — L/ PAN [\ P~
SNEAN IR gu -4l Irel )1\ T AY N
LM AT AN N/ \ AR
T~ Y (NP R Canndll Vil ns
¥ \ LD \
\ g J
09¢ 00¢g ov2 08T 0zt 09 0

GSGT ¢JEAMNN NOILVL0d

122



e}
[4Y)

6967 0467

H38R3330 | AdVIINVYI
&2 92 L2 B2 620ETE T 2 E ¥ § 9 £ B 6 OT TT 2T ET #T ST 9T 4T 8T 6T 02 T2
O f\\\l/. k f.\ /ll\ \\
P AN // \.j — o \ \ £
qu\ /\ H—\\ // ) f / ) T~ ,\.../{..!.J v\l/\\/
N4 (L ~2 1) VAN LAY A L A7)
WY NI I G~ NSO RO (@
NN S ANV LT /1 C AN/ U.S/INS/NAY
NI (@) TR Y e AN
NAL A N BRI VANE ER @il i\ WM
NN ) VN \ Ty g}
L Vel s U\ / J < ~_r |®| <&
o T
09¢ 00¢ ove 08I OTA! 09 0

955T ¢J8ANN NOILV10d



0LET 0467
ANVINVF A¥VNNE3S
22E2y2 5292 L262620ETE T 2 E ¥ S 9 £ 8 6 OF T¥ 2% EF ¥F 5T 97 7
\) \ ,,(,m\ / ~ () A}

N ..\\ AN ;\b . VAN P
N N MAANdR NV [
AN AN NI Ax\l/ = Pl
OO AN NN /AL BN T NONG N a
INENRAN OWN =T [ - NSNS
N ///u ,,// W=IN O [T el [ Al(o= O A
& | D] $)ZERNMAVAN o W
" / ) . NJ N N\ |/
I S - > |
Sl Nt /
L
09¢ 00¢ ovz 08T ozt 0

/55T &J8AMNN NOTILV10d

124



i)
8]

0467 0467

AMVNNE3 S HINVA
BTETO2T2c2EavasasgesB2 T 2@ E ¥ G 9 £ 8 6 OF TT 2T €T #T ST 97
~ D191/ < (N | J /\
N~ L TN AN o |\ A0 -
\ «\/%/\ AL\ T L | ~ el Ay
\D IS TP N NN AR )
N (P ) CRNC =) Yy CAL) VCOYNDIS M =
QEASSZAAN) BESENSINTZAANENE NI\ == 2 QRSN
) o) T2 D % O\ R NN TN =Y BN 4
- ST Q KN A N EN=NFNEN ¢ (1 \
> 1L /(.\ W/ O o \ \ M J B! iy / {
\, A\ T D hM\v (7|
ad MNP . N N WO a
(N XTI EVARN\V/ZERSS
09¢ 00¢ ob2 081 0zI 09 0

8557 &d38ANN NOILY L0



0467 0467

HIVN 1I8dV
LT m..ﬁ BT 02 T2 22 ESe 2 G882 2 B2620ETE T 2 E # § 9 £ B8 6 0T TT 2T ET
U
N - \\ P ///
/N . A ML A1 17T
i //r A= / C r/.\ A A/ = \ ) / ,/
- /“// \ J P R\\.//, .//./ \,u
NAUES AT NTIN AR LG IR () | S~
EREFY SN IR TN VA E N e YN\SZ XSS ]
=N N AN N INEENOD ) NN I N 02
Uk N AN D (W N D N (0
N U NN = Wy Ve AR
p N S0 WY, XM\ Za )
Q / \) | NI/
NAERYIEN4E N R /
09¢ 00¢ 0) 47 081 oclI 09 O

EGST MIGNNN NOILYLOY

26



-
N

04BT | 0467

1IadY AV
,#..ﬂm.nm.ﬁN.ﬂm.nmﬁemﬁmmmmmvmmmwmkmmmmmom.ﬂmmVWWRmmO..ﬁ
Falt S AN P\
N O LI N
\x\lﬂ“ T O /I : C/ AN LA \.\.
\ R:f \\M,/ N L LT\ = \ // ~s /.\/

I AN NN eSNETANRANECE RN 7R IR UL RN
VARSI N ) 2 N NN U A N )
v/r‘\\///l.\ \l/\\fcf\\... all NI d dh < N\ | /T m\ —3 N a\a.// V7o .l.lu
Wil lECE N ANMONWN | 1 N
D o N T O DT )

TN NN YU T el | T
S SREAEY 5 (T
LA — n \ W4 J A
09¢ 00¢ ov< 081 ocI 0S 0

039571 d38NNN NOILVL10Y



0467 0467
AVRA aNnr
TTCTET VT ST OT LTBT BT O2T222€E2v2S2 922 6826206ETE T 2 E # § 9

VL D T 1) &
K, P M ) N\
A O N ) > 1)
- s NHZ=Nall B EW\V/aN\ 0
L S\ (O AT\ ) (
(L o) .7 R A SN LN\ h
NN M N RN N = DD N L Y 4
AN W AP WHOWIVA T N 9 (] O™
IR Y, N AV DN N
PE AN AaVIRVANSAZ I OENEIVIAY,
K= AT MR
\ c £ ~ pan N
09¢ 00¢g 0) 27 081 oc1 09 0

T9ST ¥IAWNN NOILVLON

(28



(9]
&Y

0467 0467

aNnr Anr
mmmc.aa.ﬁm.ﬂmﬂw.ﬂm.ﬁmﬁm.ﬂm.nm.ﬁom.ﬂmmmmmvmmmmmnmmmmmom.«.mm
0 INLL NN ~
NABRNR NSRS N ~ .
> wEPNEuE N L =A
\\ " Q 4/1 ﬂ./ V I A ; \) Uv V \
P74\ DY O RO
A N L LD I U2 IALD !
Y LN D e T AAJ\MUUK
AR N B) 2,( WL TR 3 [N g o A /J/\m\/wi ~
’ \ st f\\#/ll\ \‘w o ..\u w!\“ [ o “ \" Ir..! J /IJ \ L C
~ /I - \)t\\\ “ \/ ~— N L
T T DY vIiT < L OWN
J £, \ ~ // )
09¢ 00¢ ov<e o8t oc1 09 0

2357 J8ANN NOILV10d



0467 0467

ATnr Anr
W m m Y4 m E OT TT 8T ET #T ST 9T /T BT 6T 02 T2 22 €2 #2 52 92 /2 82 62 O.m .n.m
[ V4 I 11T S
_ N Y/ ~ N A L .

Ov Ul J ~ ~ ~ N ‘ /

P —) 9 \H‘l;l/ Pt P \ \ / f .ws.a £
=N (T , DI huiB @RS YA BV
O (R T T N &= 2 AR RN

AT I N AREN AN S )] @) I = (@)D
MASIFINGY R aYa V= FEaH @Y <2 § O A =2l
ANV TR SERSANY R R SRS Al &)y
RNV M T AL T T VIV - \ =1 )
/ //l\\ — = N
el N L AD
09¢ 00¢ ore 08T oc1 09 0]

ESST &3ENNN NOILV1OY

130



I\

0467 0467

1snany 1snany
T 2 E ¥ § 9 £ B8 6 OFT TT 2T ET #T ST 97 4T 8T 6T 02 T2 22 €2 2 G2 92 Z2
/T / NTTATTY ™S T\
ik \ / | | [\ | ~
SN aYid ~ L N
S Yl H \»\)r\\\hwl&l\ ~ 3 v/
AT RYERE Y~ SNy i A ) A wle Y SR R (
74 RARINSNSZ () WA= QR =AW= P ~EBNdFi DN
/I ( 1 AN Nl AN TP 1) 7
)TN 4 J AL o NSO AV VIS 2 /)L
O N ) TS S (R o7
T 1 2P S =7
2 \/ / ) (A 1y
e f\\ < f\ \\\1 A\ ' +\ PN
09¢ 00¢ o2 081 ocl1 09 0]

?3ST &3J8NNN NOILYL0d



0467 0467

1snany ¥3EN3LLIS
B2B20ETE T 2 E ¥ S 9 £ B B OT TT 2T ET ¥T ST 9T /T BT 6T 02 12 22 E2
) LA NN Y [1J

N //.\ / / : C\

) U [LL } -
AS ™ N el TAN | LA/ Q D
DA [, IANBIA NS AN SN AUy
B\V/22EZBRS QR Q) BN/a%p DR SEIYEEIN M E
PRIV ,\ dP/R «ﬂﬁ, — | | ( ,v ja Vi ()=

ZUS)RTiv Y (@) \Pan mEAT =N\, &2
T INGE Z VI PN AN { VAN AN/
a J AN C L INS v (ML
v () NIiRFNEL] =
il NV D \
09¢ 00¢ ove 081 021 09 0

G357 J3J8NNN NOILV10Y

132



N
M

0467 0467

M3BN3Ld3S 3380130
VRS2 92 (2B2620E T 2 E ¥ S 8 £ B 6 OT TT 2T ET ¥T 5T ST £T BT 6T 02
NCIT T T ~ ) \_| -

NS f..L “ / U \ N
V ), / /l\b / ‘/(.\\l/ ~ .\\ VR
afl NS [a 2N S0 n) | ot | ]
] M) 1)) 4 7INVaS=NVaNY
\ | e ! NN Pl [ LA\ T
faN\\MBE@QNZNNEN O a5 || AR =
EN\E AN av. DT A WA A= T -
NN NN LINIS AN (Y Ned S
' /.“, | ~ —\ —~ \ d f N \—
() (O A ) \l
1l / AL 1 N
09¢ 00g ov2 08T oer 09 0

93571 d3HANN NOILVL10d



0467 0467

¥380L30 M3BN3IAON
T2@22E2V252922B2620ETET 2 E ¥ S 9 £ B 6 OT TT 2T ET ¥T ST 97 T
= WM \ A
. \v fl\
g (< LS TANAS oSk,
< V / /Il \w\ \..J \ u.l\\ \_ Py \ Pt \ P \ .\
4 AN (Yo 2ENE @) AEIWYARR S5
)/ QN A\ AN\ L1/ s
=T NNN ™ N\ ST VU720
L &\ (P YARVNZY 2 VAR % ( \C,
AN SN SR SN -
\ ~ IR\t ‘ ¢
Yo \ ANEREZNHL P
AN NIRRT VLN A A (N AL A
09¢ 00¢ ob2 081 ozI 09 0

95T ¥3EANN NOILV10Y

134



0467
J3IBW3IAON
BT 6T 02122 Ee P2 G292 ,2B82620E T 2 E ¥ § 9 £ 8 6 OT TT 2T €T ¥T

)
M

0467
d38W3330

(T T T O Iy ALY T N 71T
SNi/8) N AT A O
WAY ARt NEPED oI AP NI
NAZEZYY VA BTAL ORI,
> e N l. i W, ) P paii
IR A AT i N N~z
CUN TIN5 AT AN TS { Ma (]
A7 A/~ A D )1\ (N 9
~NAY VTN G AN Y =ap [~ /], N
N IY N /T A T 0 ~/\
_\ N J M ¢
TN [~ |
09¢ 00¢ o< 081 oci 09 . 0

83571 &3ENNN NOILVL1ODY



0467 T467
d38WN3230 AAVIINVE
m..n T L1 BT 6T 02T2ceeEe 25292 /2B2620ETE T @ E # S 9 £ 8 6 OF
JI [ (T \) v
i AL~ \) | A
Al IS AT IS UV N EN) N A1 1G] T
N/ 4 A D T ol J\ I\ | QAL
AV GRNREHRY: i PN e Hn
/ Ui =Y T AN NYY ND S A NN
E Za  NEPEENEER ) I NS AL BNFR A0
7 1/ASAN IR YYPEN T e
1L /) () = (Y YT I
) 7 / L —~
w — /4 ﬁ _(\ ; ~ z/
N
09¢ 00¢ Ob¢e 081 ora! 09 0

63ST d3HANN NOILVL0Od

(36



~
M

T46T 1467

ALVONVI AdVNE3d

.n.ﬁm.am.ﬁv.ﬁm._“w.amam.ﬂm.nom.nmmmmmvmmmmmnmmmmmom.ﬂm.nmmvmmm
T = VAN WIZAFN
_ NEERNESN /4 JISS IR ()WL

) YN \Us T ALV = s

| \ 4 \ AR OO N\
U LN A AN N N
T NCSEAENNTYA T 3\ VNN S
o BRI AN NS A TN ACD i LK
N R VIR @A\ VAS\ SN\ NN YZEYRNY, Vi
B P TN T ~ N N
| / i O 1

i A

09¢ 00¢ Oot¢ 08T ocl 09 0

0/57 &38WNNN NOILVYL10d



167 TZ6T

A¥VN¥E3 HIHVN
8 EOVTI2TEF VI ST OT LT BT GT 02 T2 22 E2 p2G29242682 T 2 € # § 9
1Y /N TNANNA YY) B
- J DM A0 A N 4 ke
<{Da ‘ ( 7 /f/ NN |
AN | g RNIEANENL N\ ONNACARA AR Z =
( ~1 N DS IO ANNRYE TSN e SR o =
NEE 22 N AN~ I DNAaUY TN e
o) (O OLUNIONL N ~ MWONSNDL MY
A A\ W\ M N =
N T~ NI | VTN
w,
(TN
NI i
09¢ 00$ ovZ 081 021 09 0

T1/5T d38AMNN NOILV10d

138



)]
M

T467

T46T
HJ8VIA IIddY
m m m O..ﬂ .ﬂ..n m..ﬁ m..w v..ﬂ GT 9T N..w m..n 6T O.m T m.m Ee e m.m 82 N.m m.m &2 O.m .n.m .ﬁ m
i 2l ~ [ A7
) 1IN AN N AN
EEESCRRSNER VAP ; SR
E8) A NEPE AN/ NENEEREENI B
) ) ANASON L DS TAD 6D aAERAR NN
\MAL ST\ T~ ) ~ ™~ -
Ll INAIANNAN g U N ﬂ,\m//;
N N \ 1 SN
L — I\ 3
ﬁ ,. o O ,.
09¢ 00¢ 0) 24 081 OTA ! 09 0]

c/5T d3EANN NOILYLOY



T4ET ey

1I8dVY 1I8dVY
m 14 m g m 8 m OF TT 27 ET ¥T GT 97 .m.ﬁ 8T BT O¢2 .n.m ee m.m 2 G2 92 h.m m.m m.m o.m
9 bl ()
1R/
\ s./\\l/l/l : \\L
|, ﬂ\\ A“ ( C oN\ | M
/ / \“Ur NN /.. d M \\//
© AN L TON/ IR T DT
| N N
WSS EERRENENA-=2((2 Y2 WNEL INBSER )
TV IR NENNA NCUONN ND | O N
\, T ,rC\ Ny2n [ u T ,,/c ,9/& /\,/\ (A ﬁu\ D
w ST = ~F
J a1, dEVEANNA
yay, Ll
09¢ 00¢ (0) 74 081 orA! 0% 0

EZST d38NNN NOILYL10Y

[40



T46T
AYA

T ¢ E # 5§ 9 £ B 6 OF 7T 27 ET T ST ST 4T 8T BT 02 T2 22 E2 v &2 92 /2

<

1467
AVA

A ﬁ' Kl r J Yot N
- )2
) i
Y T ! ~T N\ O :
B NERIAT Y A SR LT O F I IO
Q) NN ~ M ,:.,\\u% \ ) N
fll.\H e \V(\_/\Ill \ PMU /Noh\ h ) — /
( R IVl eNR = )R
NN SO EN TN TN
T =T TN N
/\ N, . ot ¥
@R ™ ()
09¢ 00¢ ob¢e 081 0c1 09 O

P/S5T &3J8NNN NOILYLOY




T467 . T46T
AVR aNnr
Be 62 OETE T 2 E ¥ § 9 £ B 6 0T TT 2T ET ¥T ST ST 4T BT 6T 02 T2 22 €2

Y 0 o
>
4
A\
9] \\\\..l b) Vsl =\ A y /| )/ \..J/r
ANV NG T O T TN
(Sl = LT ] N ) TN e
AEDN TR ON e ~AC , 0
~ ~Q oy v <
o 59
a)
09¢ 00¢ ove 081 or4! 09 0

/5T d38ANN NOILV10d

42



M
<

T/67 ; ZEY

anne ATnr
v2 G292 ,L2B2620E T 2 E ¥ S 89 £ 8 6 OF TF 2T ET T ST 9T /T BT 67 02
(1) ~N LN A —
Q P \ \J N —~ f\
" aS— v L)
ﬂ\ / \\. \.IJ Jr\r/ AI/) L ﬁl ™ \
N INFREY @ MY AN/ 2\ S ™
~ ) L — N4 ERVANY UM 20
PAPNP=NN (Y $B.7o B aul N an d DIV (O)'E
LA \VA(CD) N = (U [ amr—> (@ A
A \\ A \lﬂ.}ml\ /.u 3 Sy
, AN C) e Wy ) L |¢
< Wt A/ ~
A \ : (NN .
09¢ 00¢ o2 081 021 09 0

3/51 d38ANN NOILVL10d



T46T T4BT

ATNP 1snany
T2 22€2v2 62922 B2620ETET 2 E ¥ § 9 £ B 6 OF TT 2F €T T 5T 97
d AL VN VY Y - ]
\NISZAR ), N AN
TN x i \
<\IV \M © \\ J \\}/ N\ | - J \ /" ..r\\.\.......”.r Fan NIy
A IN=NEENIVE () B A ey ) AP )
ISATERN SRS~ w7 B2 RN 2aN ~7 /[l 2 1
NSl EARE /. ficD ~rN Ll LTI
WA\ S\Y A amh=+ = aavVasA
AN ,{\ :\ \\ 3 N . ) ,/( \
i o ) 0O ( &
A N4 v \ g =
09¢ 00¢ ove 081 021 09 0

/5T d3BNNN NOILV10Y

144



10
<

T/ET | 1467

1snany d38HN3Ld35
h..ﬁ m..ﬂ m..n O.m .n.m m.m m.m v.m m.m 9e /2 m.m m.m o.m .a.m .ﬂ m E v S 9 m m m o‘.n .ﬁ..ﬂ m..ﬁ m..n
VA lR () -
J Y~ |
NNEF YO\ TVl >
v Mk &\\ \\N\ \ - \\\)/:\\ \n
A TN DN AN &
c “ /AP hn\\,m“um\/f\\
~Y A DINESE) o~
() REo) ~ [}/ P (I~ 1)
~+ \\d//.. N 0
& )
/
09S¢ 00¢% ove 081 orA! 0% 0

8/5T d38ANN NOILV.10d



1467 1467

¥38W31d3s . ¥380120
¥T ST 9T LT BT BT 02 12 22 €2 v2 S2 92 L2B2620E T 2 E ¥ S 9 £ B 6 ot
e SN\~ ~ )
L ~ [T/ ) v
/.\ P P \\ ﬁ A \ of —
(o AN (N \\/ P M/( /N /|
B NAC AL O TN (O (L
N> SASNVIEN BBy -\ PN
N ] o = AN ) rv/
,4 A= O NY/ Ul N o (L T/
\ ~ 1Y sl U \ YN 7
dan D s \J \
\ O [ 9 )
A
09¢ 00¢ ove 081 021 09 0

6ZST d38ANN NOILY.LOd

146



I~
<

TLET o | TLET

380130 dIEBN3AON
TTSTET PT ST OT LT BT BT 02 T2 22 E2 P2 G2 92 /2 B2B20ETE T 2 E ¥ § 9
- X \
N
L\ —~ - N | /
/ ~ \\ 2L LMD \\ J \ v\\
/ v ( Y [ (DT ) d(
B Y RS < WAB AR\
paia NN LT el T N Y J
(7 V) A DT T
T Q { A |
NS / \\ / A
T IQTI /1 - A
09¢ ooe ov< 081 ocl1 09 0

0BST &J8AMN NOILVLOd



T46T 1467

dIBNIAON d38W3330
mN m m O..w ._u..n N..n m..ﬁ v..w m..ﬂ w..ﬂ N..n m..ﬂ m..ﬂ 0.m .ﬁ..m m.m m.m v.m m.m w.m N.m m.m.. m.m O.m .ﬂ m ﬂ v
/ ind \/
nd ) : .
\ 2 SN / \\w/ .\\ /
ST AN AN ARNPNYIT /2 umSNRY,
AN ~ LA 1 N YLV /T 1)
) 2V AN 4/ NI A IS Sr/lavdal
A\ [ de1indiVilps g JL )
R AV/AY (N aZ M aRioNiN () SN aR),
i | | ~— W ey \\Y7 I
N [ \ U
N7 oy
N
U |
09¢ 00¢ ove 081 OTA! 0S 0

1857 d38NNN NOILV10Y

148



()]
<+

1467 1467

d38W3330 d38R3230
S 89 £ B8 6 OT TTY 2T ET #T GT 9T /T 8T 6T 02 T2 22 E2 ¥2 &2 92 42 82 52 OE TE
\J NI J N
) uERZA
~ L A \ /| / | &\:\\..//r\,\\l
AT/ RN EPNEEE A 1/Ada\VAny
VAN AN A= EANN @RS Q1 C
(@ N SIS W= )
NSV R TN \Dz SN 4hdN
T AN \L N
(/ =Y J /)
1 IENNERN N
(T YU )
\_/ -
09¢ 00¢ 0} 27 081 021 09 0

c851 3IBAMNN NOILYL10d



2/67T r=Y4-15
AAVINVP AdVIINVYIE
T @ E ¥ § 9 £ B8 B OT TT 2T €T #T ST 9T LT 8T BT 02 T2 22 €2 e G2 92 /2
- (
\D N AN\ A
S\ . ~ A | ( N
\ ‘ M\ . \ A\ 1AV /
(0 0 D0 Oy
J N \M N L \
A\ U /1) @ ™S
: . N A
N/ ‘; ~
— )
09¢ 00¢ 0} 04 087 0y ! 09 0

£85T &38ANN NOILV10Y

150



[fe)

c4BT : =¥4-1"
AVIINVD AdVNaB34
B2E62OETE T 2 E ¥ § 9 £ B 6 OT TT 2T ET #T ST 9T /T BT BT 02 12 22 E2 e

: v

\_J ~7 \ \ 11U LY/
\ D U ~ P a
(\MHHJ M ~ T TN = A
AMAN UV TN p AR (N =)
UN A e D AL AN NN T 7 WO\
RSSMESUR RN ARSI AR VAN S8 N
N SN EAVAN Nl Pl a Vo NER e\ (&
\ AT EYER\VRE N\
NI
~N T LM
J A\ A
| (1l [ If A\
09¢ 00¢ obe 081 ocl1 09 0

78ST d3IENNN NOILY.LOY



c{bT 2467

AdVNy834 HJdVRH

5292 /428262 T 2 E ¥ § 89 £ B B OFT TT 2T ET #T ST ST 4T 8T 6T 02 12 22
S N/ U
1) S IEPNEZ T A, T

fasm et NS A =\ HARS /
(AN AL V/ T = (s //\\\ — 1/ \\“7/\../ 1\
NI VR TION OO | XN =)
A N QDY TNV T/ AN S
Oy L NN B [ AN 0 (ON T HOONG
~ )\ AENYER M N Nl N ) =2 (CTNC DY
./ == () \\ N /H\\\ |\\ NLJ /:\
SV O =

N ) ) =il 4 J/, o
N A \ Y \
09¢ 00¢ ot 081 ocl 09 0

GBST oJ8ANN NOILVL10d

152



\o]
Te]

2467 2467

HJYVI 1IddV
EE P2 G282 /28B2B20ETET 2 E # S 9 £ B 6 OT TT 2T ET ¥T ST 9T 4T BT
AT PN AN
[/ -] N/
A\l./ - N - I S \\;\} \cl.\u
VLN ( - / N e \)J// AN N
L= | ] (] ) A DO AN N2 | NO,
N W M VT AN NS T NN Y
NN B | Vo TPl R
ST , 17 P
P U/ / (
\ ,/ \ /
09¢ 00¢ 024 081 oct 09 0

9857 d3HAMNN NOILV10Y



c/6T 2/67

TIadyY AVHA
BT 021222 ES2 P2 S292 /268262 0E T 8 E ¥# S 9 £« B8 b6 OTF TT 2T ET #T ST
{ U v
/N 7 .// \ TN
NN, (NS EA )
_\l/(\\!/ AN\ L= / , // N~
N~ O ~AaN@ T =
AENSYEN = AN v LT AN
LN =N D \J_ DI ™S\ e 1
N ol IS QL BIVAS IR
IMEVEN) EEENRVA SNV P4
|2 o\~ (;
/ ), \
- ~ (TN
09¢ 00¢ 0) 24 081 oc1 09 0

/BST ¥3IANNN NOILVLOYM

154



o]
(9}

2467 | 2467

AV aNnr
mﬂ N..ﬁ m..n m..n O.m H.m m.m m.m v.m m.m m.m N.m m.m m.m O.m .n.m .ﬂ m m v m w V4 m m O..ﬂ .ﬂ..n m..n
il A ) T . — Y N
S NIVEN w AR
— (&£ | AN . ® o) Vi
D P/ o~ i ) ~— \\\ ﬁ/ /A//g
\ S \ Xl @) S o AN e NN
.,r,/wm LN N Dy A A N =)
NS L T (S ire
A\ NN 0) BRNGANS, LN
' 0 (ERCACERYNURND
~ | M ~\a) ,\ \. v
D O S ERNRY
09¢ ove 081 0Y4! 09 0

B885T J3IBANN NOILVL0



eLbT =¥4-1"

anr A Anr
ET PT ST ST /T BT ET 02 T2 22€E2r2S2 92 /2 B82620E T 2 E # S 9 £ B B
N |
\l.\\lv _ T - ™ /// A
d p X D (O D T ] mr
NG N i \ = N J
I=SNTEY Na=d=se) IINYARNEAA DY o) WEZA(1/®]
WBUI\=Z 8 RNVH)\72= N BV DI 4 =3\ Z2Ia AN ¢4 ]
L Y A A A e NN AR
EREpCZN RS @ ROE U5 SIach Y IwsANG LS
e il D ; o 117 (I A
N DY o la ol ] 1 — N\ \D |/
a lJ (N (T a ==
09¢ 00¢ o2 081 021 09 0

6B5T &J8NNN NOILYLO0

156



157

=£6Y 2467

Anr 1snanv

OT TP 2T ET vT ST 9T LT BT 6T 02 T2 22 E2 ¥2 5292 L2B2B20ETE T 2 E ¥ §
/ TN

\\\\\ Chr— A / O \\/..\

o i i () \\;/\HW/\\ q \M,J..}
% AN~ \ Lo L) [ L
Vs L), ST DN U -
SN AT ENINTSIN D ) AT o = NN/ o]
~ AN)IG 2N RNAYNI{ @Y IS

(BANESASEEREMASSEE =7\ g (E
A NS ~ ® . /
2 ( - ® ] \_V - 4
— ™~ 7~ ‘
) IVIT=N
09¢ 00¢ ov2 08T ozl 09 0

OB6ST d38ANN NOILYLOY



24{B7T =74-)"
1sn9any d38W31d3S
m L B m OT TT 2T ET ¥T ST 8T 4T 8T BT 02 T2 22 E2 #2 m.m 92 /2 m.m m.m O.m .n.m .n
~ | ~ AN A
M\ — CEEPRVENINZBRNNY
| N )L ,m Y A o /
) AN ) A N C
NN [ o V \(\ {_/ \» W= |/ e
7 N A N T M\ ) fy \\/” Ay \\\V \ \mn ‘
J N\ AN 0 N LN \__ /\A o \r A \\ ‘l\ ™
AN\ J LT QY e IR l(S
~4 [, -
D I~ ) ), K/ -
1 .
&4
LN ~
09¢ 00¢g ove 081 ocl 09 0

1657 d3HANN NOILYL0d

158



N
0

2467 c{b67

¥38W3 L3S ¥3EN3LdIS
2 E ¥ S 9 £ 8 6 0T7TTaTETPT ST ST LT BT 6T 02 T2 22 €2 v2 52 92 42 82 62

i A =N \\l/ AN v /r 7/

AL TN ) EINEEFAN
pFEZ\ @ Rl Vo ()
IIGAN BZANS VA BEZNRVAIZal Y A
— / (O (e | 1 A K/ LAY
JANSSa DARN\YANAE EnZBN ()8
SRENEV/EDWaP | YO~ N~ .
/Il..l.l /.\/ // .\ P & A\

ST, > D \)1 V
Ny - )in))

\/ \
09¢ 00¢ ov2 081 o2t 09 0

cbST d3ENNN NOILYLOY



2467 2467
d38R31d3S 8380130
OE .ﬂ m m v m m N m m O..n .ﬂ..n m..n m..n _v..n m..n m..n N..n m..n m..n O.m .ﬂ.m m.m m.m ¢.m m.m w.m
>, T 7
\ D , AN
P ~1 SN A
T PAR V- uPNERECEPNENZT) A\ VA=
IONNE o )00 )2
~ N \, e \ el
A K ( AT T
S TN IS @VREY D
T N N ] U/ ]
~J
\
% |
09¢ 00¢g ove 081 0cI 09 o)

EBST d38NNN NOILYL10d

160



(o]

2467 =VA-1"
&380130 d3BW3AON
l2B2B2O0ETE T 2 E ¥ § 9 £ 8 6 0T 1T 2T ET ¥T ST 9T 4T 8T 6T 02 12 22

) R RN
) lV/a\ NN IR e
o, ~ 1O e
1/ 1 ™~/
— L~ 1 _J /
. Av )
O /
L/
| O
N :
09S¢ 00¢ ot<e 08T orA! 0% 0

PBST d3EANN NOILVLOY



=V4)" =V4=)
d38N3ADN d38AR3330
EE P2 G292 /282620E T 2 E ¥ S 9 £« B8 6 OT TT 2T €T ¢T ST 9T 4T 8T 67
~ P
7 /) A 1 .Inl\ \
U WN/aAY /
\/ L1/ A 4 / AN )
) 1 A /Ay
vy 0 /ol | UL LS VL
/™ J=ulp R (VAT [
(|l ~T ) , ~
U \\ [
{
U
09¢ 00g ove 08I OTA! 0S 0

SBST &J8NNN NOILV10Y

62



\9]
©

c{BT EZBT
d38R3330 ANVIINVI
02Te@dE2 P2 5292 2B2620ETE T @8 E ¥ § 9 £ B 6 OF TT 2T EF #T ST 97T

L N, .
N\ e \ / )
\ / e N
AN ) \ -
m u O i N / A‘ S) ~
g \_/ ) \ AN AR AT N—
M A L/ Ul % M p AN
Y g JI SR
| = nadi\\=7/ \V
N~ D T
09¢ 00¢ or<e 081 021 09 0

965T d3EANN NOILYLOY



ELBT ELBT

AdVIANVYI AdvVNa834
N..n m..ﬂ 6T O.m .n.m m.m m.m e G2 92 Z2 m.m.. 62 0OE TE T m E ¥ § 9 £ B m O..—.. .n..n =41
r +
_\lv N = \ N
~ A\ Q) L
(] G - ) R ( o) 4 -
P /' ﬂ // 1\ ~A 0 - N QW/V
AR\ (MU e o\ A ,7/
W) T ) N\p ] N
W~ ~ /f\ TN — ——
N
09¢ 00¢ ove 081 021 0% 0

/BST d3ENMNN NOILV10

164



10
©

ELBT

E46T
AdVNyE3S __ HINVI
ETPTSTIT LT BT ETO2T222€E2v252924282 T 2 E ¥ § 9 £ 8 6 OF T
a 'd))
1 A\ o
P e \\../ Pamn
A\ N //,, N I\ A,\v 740\
ANE T NN N A ERIEEIN
N ELAZa W =LA NAREN
P ‘ VO 0L AN\
7 ( [ ™ WA N\ ) (ADY
Y \ l\ N
N
09¢ 00¢ o2 08T 021 09 0

8651 &J8ANN NOILVL0Od




E4BT EZBT

HIYVW | | JI¥dY
STET PT ST OT LT BT ET 02 T2 22 E2 2 S2 92 2 B2620ETE T 2 E ¥ § 9 ¢ 8
11 7 0
N . ,
= oo N | PINCO
// \ Faih D fa /'/.\
N [ A D M| N lAMWW// \\ZAVZ
i /Nm\ /1 A I LIONDA [~ L )
) _ AL L NANNON Y N NN
3 & SN T TINNSED T T AR
U =2 N ) RN
«u TN \\\ \\\.),
/o] 0 Al
v/ \ /)
09¢ 00¢ ob2 081 021 09 0

66ST d3HANN NOILVYLOY

166



~
(o]

ELET ELBT

INdV AVA
E OTTT 2T ET PT ST 9T LT BT 6T 02 T2 22 E2 v2 S2 92 L2 8262 0E T 2 E ¥ G
N7 o : : CIJ

= B
Zi(GIIPREAN i =0 o
kﬁ/z \ !..\u /=N N N o
N [N HERAINEIN)\Y) kﬂw/ ™ d
B S/\S) Iy Vo 1 TWONA TN
v (72N = N~ AN P
. \AWND Yal | o JI 1)
NP \ A h
I\ y /|
(s 0 I
L INT- 4 Q
09¢ 00¢ ov2 081 02t 09 0

0097 &3GWNN NOILVLOd



EZBT ELBT

AV aNnr
9 £ B 6 OTTT ST ET PT ST 9T LT BT BT 02 T2 22 E2 P2 G2 92 /2 B2 62 OE TE T
\/ L V4
= U
~/ a! o o -
== e (J
N L (1) e BAP =\ N\ a
L V.r L/ / » = - .\\\ - / N
O % A ﬁ.[..\\\\L U P
D ML )0 HNEIYEI N ]
s (T~ ﬁu I/ Q D R N IV
//. O ] s} \
\
.5 Y [
09¢ 00¢ o2 081 021 09 0]

1097 438ANN NOILVLO0d

168



()]
o]

ELBT

ELET
annre | 3Nnr
@ E ¥ S 8 £ 8 B OF TT 2T €T ¥T ST 9T £T BT 6T 02 12 22 €2 va 52 92 /2 62
C O
© \
(N,
A _ L)
fo\V A T~ N Vi di
y o O~ P L o/ (-
i DT s S LT A
NERN () s [\ ) o
. EESEERER i
S
L—J
09¢ 00¢ ov2 08T 021 09 0

c039T &J8AMNN NOILVYLOd



ELBT ELET

3Nnr | Anr
B OE T 2 E # S 9 /£ 8 6 OT TT 2T ET #T ST 9T 4T BT 6T 02 12 22 €2 v2 G2 92

o
D
1\ @
- \\.b \\.r\.w..v _ //(. T N
'ﬂ\ O (] “ J j!\\ll ° f/u..\ I/
N - A\l LW ~ A\
24ERIRY W P : |
(¥
oy | S,
i C )
ol AL
09¢ 00g ovz 08T oz1 09 0

EO09T &JGNNN NOILYL0O

I70



~

ELET ELET

Anr 15n9ny
icB2620ETET @ E ¥ § 9 £ B8 6 OFT TT 2T €T #T ST 9T 4T BT 6T 02 T2 22

O
o N
NP7 M\ fl. N /7N &
U (o)L — |
/.\\“I \ ) o~ ¢
WU N N
.// U
D
09¢ 00§ Obz 081 021 09 0

PO3T &3JHANN NOILVL1Od



ELBT ELET

1snany | ¥38W3Ld3S
Ee b2 5292 2 B2B20ETET 2 E # 5§ 9 £ 8 6 OF TT 2T ET #T ST 9T 4T 8T
N\
1)
L/
\J/J \\/
(1)
il DY N
7\ AR
) N\ U
e/ ,/l_ .\\ \
N
09¢ 00¢ ob2 081 021 09 0

SO9T &J8ANN NOILVL10d

72



APPENDIX A

Copyrighted by IEEE.

Reprinted, with permission,

from the IRE TRANSACTIONS on Antennas and Propaga-

tion, January 1961, Vol.

AP-9, No. 1, pg. 22-30,

The Stanford Microwave Spectroheliograph Antenna, a
Microsteradian Pencil Beam Interferometer*

R. N. BRACEWELLfY, reLrow, IRE, AND G. SWARUP?

Summary—A pencil beam interferometer has been constructed
at Stanford, Calif., with multiple beams of 3.1 minutes of arc width
to half power (0.8 microsteradian). It is composed of two equa-
torially-mounted, 16-element, Christiansen arrays of 3-m paraboloids,
each 375 feet long (1255 wavelengths at a wavelength of 9.1 cm). The
half power beamwidth of the fan beam of a single array is 2.3 minutes
of arc. To form the pencil beam, the two arrays are switched to-
gether as in a Mills cross. Frequency range is from 2700 to 3350 Mec.
Phase adjustment and monitoring are handled by a new technique
of modulated, weakly reflecting gas-discharges maintained. at the
focus of the paraboloids. Television-type scanning yields maps of the
sun (spectroheliograms) revealing fine details of the microwave
source regions in the chromosphere and corona. All the transient
bursts and a large fraction of the steady solar emission at 9.1 cm
prove to originate in a small number of highly compact centers,
whose brightness temperatures may exceed 5X10%°K. The sensi-
tivity of the instrument also allows the thermal emission from the
moon (250°K) and a number of galactic and extragalactic sources to
be studied with high angular resolution. Ilflumination of the moon by
terrestrial radar can be detected. The pencil beam interferometer
furnishes the finest beams currently available from pencil beam
antennas of any type. Examination of the fundamentals of extracting
high resolution details of a source from its radiation field indicates
the fitness of pencil beam interferometers, incorporating steerable
multielement arrays, for future development to higher resolving
power. Adequate technique of phase preservation over wide spacings
is available.

* Received by the PGAP, October 10, 1960. This research was
supported by the Office of Sci. Res. of the U.S.A.F., Air Res. and
Dev. Command, under contract AF 18(603)-53.

. 1 Radio Astronomy Inst., Radioscience Lab., Stanford Univer-
sity, Stanford, Calif.

I. INTRODUCTION

Y 1954 it had become clear that a new type of

pencil beam instrument could be built by com-

bining the principles of the Christiansen array
and the Mills cross. Practical feasibility of the one had
been demonstrated by Christiansen and Warburton [1],
[2] on a large, albeit economical, multi-element array,
and of the other by Mills and Little [2]-[5] on a scale
model designed for the purpose. [t was therefore possible
to plan an ambitious microsteradian pencil beam project
with confidence that the basic principles were sound, an
important prerequisite, because in each case objections
had been entertained that could only be removed by
test. The {ruits of the new project would be microwave
spectroheliograms, built up television-wise by scanning
the sun with the pencil beam. During the tenure of a
visiting professorship in the academic year 1954-55, in
the Astronpmy departnient of the University of Cali-
fornia, Berkeley, the senior author studied the design
of an instrument for a wavelength of about 10 cm. Exe-
cution of the design was proposed for Sydney (where,
however, it was decided to embark on a different but
similar project) and for California. The proposal [6] to
build the present instrument was submitted to the
Office of Scientific Research of the United States Air
Force in September, 1955,
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Bracewell and Swarup: Stanford Microwave Spectroheliograph Antenna

The purpose of the instrument was to study the
chromospheric microwave emission with a view to as-
certaining physical conditions in an optically trans-
parent region which is the seat of important solar dis-
turbance phenomena. Here, in the transition between
the corona and the outer chromosphere, occurs the
changeover between the steady optical sun and the spec-
tacularly variable meter-wave sun. While the meter-
wave radio emission is in itself fascinating, it is a sec-
ondary phenomenon associated with ejection of mat-
ter from lower levels. An attack on.the very little known
outer chromosphere therefore offered the possibility of
coming to grips with the central problem of solar ac-
tivity. In fact, as now appears, the maximum of emis-
sion from the active centers occurs around the selected
wavelength of 9 cm; at shorter wavelengths their lack
of opacity renders them less conspicuous, and at longer
wavelengths the opacity of the overlying corona ob-
scures them. In the vicinity of 9 ¢m the active centers
have been up to 30 times brighter than the quiet sun.

Section II gives the principle of the instrument and
Section II1 the basic design parameters. Section IV
gives physical details of the installation. Section V dis-
cusses the vital item of technique on which the whole
possibility of adjusting large arrays depends, namely the
measurentent, maintenance, and control of relative
phase over great distances. Section VI gives samples of
observations to illustrate the functioning of the instru-
ment; their astronomical significance will be discussed
elsewhere. Finally, in Section VII thesignificance of the
instrument for antenna practice is discussed, with at-
tention to possible future development to even greater
resolution.

II. Basic PRINCIPLE

Let an even number N of isotropic point sources be
arranged in a straight line, each spaced at a distance d
from the next. The field radiation pattern of one pair of
identically excited sources at a distance nd apart will be

2w . 27 .
exp [}T % nd sin p} + exp l:—i—)\——%ndsm p:l,

where X is the wavelength, and nd sin p is the path dif-
ference between two rays that make an angle p with the
plane perpendicular to the line of the array. This ex-
pression is equal to 2 cos[(m/\) nd sin p]. If now the
whole array is considered to be composed of 1N sym-
metrical pairs, all equally excited, the field radiation
pattern is proportional to

N-—-1

w
2 Z cos [w— nd sin pit
ne=1,3,6"-- A

This is the Fourier series for a periodic function of sin p
consisting of sharp fringes of the form '

. d .
sin (er N sin p)

d .
7 — sin
)\ ?

b

repeated with alternation of sign at intervals \/d. In
Fig. 1 this periodic function is plotted for N=16 and
d/nN=83.68. The abscissa is 3438 sin p, which is ap-
proximately equal to the angle between the ray direc-
tion and the median plane, measured in minutes of arc.

Aﬂnnﬂﬂﬂ“
uuvuuuv

Fig. 1—Field radiation pattern of 16-element
array (theoretical).

If now we sum the series by noting that the N exponen-
tial terms form a geometrical progression, we obtain the
following closed expression for the field radiation pat-

tern:
. d .
sin <N7r N sin p)

o5 )
sin|{ = — sin
17r)\1p

Now if the isotropic point sources are replaced by
identical extended elements, the field radiation pattern
of the whole is derived from the above by multiplica-
tion with the field pattern of a single element. The power
pattern is the squared modulus.

It will be seen that when the individual elements are
driven so as to track an object moving across the sky,
the radiation pattern is the product of a moving en-
velope and the fixed pattern that is periodic in sin p.
Thus the object will be scanned by the sharp fringes of
successive order, even though the individual antennas
are tracking it.

The potential fringes form small circles on the sky,
coaxial with the line of the array, in our case 167 in
number (about 160 usable), and may be evoked in any
neighborhood where the elements are pointed (Fig. 2).

174




[RE TRANSACTIONS ON ANTENNAS AND PROPAGATION

When one array is crossed with another the principle
of the Mills cross enters. Let the voltages received: by
each array separately from a point source in the direc-
tion (6, ¢) be respectively Vi(8, ¢) and Va(6, ¢). When
the two arrays are connected together in phase, the volt-
age reception pattern of the combination is Vi(0, ¢)
+ V28, ¢), and if then a half wavclength of cable is in-
serted into the second arm before connecting the two,
the pattern is V1(8, ¢) — V2(8, ¢). The available power is

[Vi(6, ¢) £ Va6, $)][V1 (8, ¢) + Va(6, 6)]%

Fig. 2—Potential fringes (small circles) of a multi-element array and
effective fringes (those enclosed within the outline representing
the pattern of a single element).

Fig. 3—Skew (heavy curve) and principal (broken curve) sections
through the beam of an untapered cross of point sources.

the plus sign referring to the first condition and the
minus sign to the second. I now the hall wavelength is
switched in and out-at an audiofrequency (in our case
450 cps), and the receiver pays attention only to the al-
ternating component of the available power, the re-
sponse of the system as a function of direction will he the
alternating part of the previous expression, namely

Vi(6, ¢)V2*(0, ) + Va(6, $)V1*(6, ¢).

Thus the power response of the system to a point source
is the scalar product of the voltage responses of the com-
ponent arrays.

If the arrays produce sharp fringes, the net power re-
sponse when they are switched together consists of pen-
cil beams at the fringe intersections. The principal sec-
tions through the beam, those taken in planes contain-
ing one or other of the arrays, have the character of
Fig. 1; s.e., the power response may contain the nega-
tive lobes characteristic of a field radiation pattern. Sec-
tions through the beam in other directions tend towards
shapes more usually associated with power patterns,
e.g., the 45° section is shown in Fig. 3 (heavy curve) in
comparison with the principal section. The magnitude
of all the sidelobes is shown in Table I which represents
one complete quadrant of one periodic cell of the recep-
tion pattern; the ruled lines are null loci. The concentra-
tion of the field-type pattern along the principal sec-
tions (bold type) is well shown.

Useful alternative explanations that may be given in
terms of sensitivity to spatial Fourier components of a
source distribution [7], [8] should be referred to for
dealing with refinements.!

! Such as, for example, the question of suitable array tapering,
which is still under discussion.

TABLE 1

LoBe MaxiMA FOR AN UNTAPERED CRrOsS oF POINT SOURCES
(PrincIpAL SrcTiONS IN BoLp TYPE)

6 |t [T |3 7|4 |7F |1
AR IR A O 2 S A B
7 2 | T+ 1T s E s

8 |2 1|1y F | d
10 2 1 1 1 3 I 1
13 32|11y |1
22 513 | 2 2 {211 1
100 22 |13 |10 | 8 |7 |7 |6
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111. Basic DEsiGN PARAMETERS

As a minimum resolving power for revealing detail
on the disk of the microwave sun, which has a diameter
of about 33 minutes of arc, a beamwidth of 3 or 4 min-
utes of arc is a reasonable objective. This is about one
milliradian. To obtain such a beamwidth an antenna
aperture of about 1000 wavelengths is needed, say 100
m at a wavelength of 10 cm. Over the whole of this
aperture the excitation has to be maintained constant
in amplitude and phase to known tolerances [7], [9],
[10] which, in the case of phase, require electrical and
mechanical stability to a small fraction of a wavelength.
The necessary stability of one part in 104 or 10® could
be achieved only with great effort if the aperture had to
be moved bodily to track the sun, especially in two di-
mensions.

The essence of Christiansen’s multi-element inter-
ferometer is that the aperture is split into an array, each
element of which tracks separately on its own modest
mount. However, in doing this, one introduces a pe-
riodic variation along the antenna that results in the
appearance of multiple beams; if there are N elements
in the array, the multiple beams will appear at intervals
of about N beamwidths.

The number of elements is consequently set by the re-
quirement that the spacing of the multiple beams shall
exceed the diameter of the object to be studied. Under

this condition there can never be more than one beam
~ on the object at any time and so the multiple beams can
cause no confusion. With a 3 minute beam and a 33
minute sun (36 minutes when the spread due to an-
tenna smoothing is allowed for) one could split the 1000-
wavelength array into 12 elements. To allow for de-
terioration of the beam from various causes a narrower
beamwidth was aimed for, however, and 16 elements
were adopted.

The size of the individual elements is limited to rather
less than the spacing of the elements; in fact unless
there is room to spare, the elements will shadow each

other when pointing out of the median plane (the plane
perpendicular to the line of the array). The clements
must be large enough that their combined collecting
area is adequate for reception of the part of the source
in the beam. While each element receives radiation
from the whole source, the adjustment of the array is
such that much of this energy is reradiated by other ele-
ments, only the contribution from within the 3-minute
beam being delivered to the receiver. Standard spun
aluminum paraboloids 10 feet in diameter and with 36
inch focal length were selected, and purchased f{rom the
Gabriel Company. Feed horns were designed for con-
servative illumination with low spillover, circular
beam, and wideband match; a reflection-compensating
window was incorporated in the prototype which was
developed by K.-S. Yang. Prodelin Inc. manufactured
the feeds complete with gooseneck waveguide supports.

Table 11 summarizes the design parameters for each
of two identical arrays: Table III presents parameters
of other existing multi-element arrays of related types,
with literature references for further details.

TABLE II
Basic DESIGN PARAMETERS OF EACH ARRAY

Latitude 37°24" N
Longitude 122°11"' W
Elevation- 20 m

Slope of north-south array

Number of elements

Element spacing

Over-all length between centers of end

50.5" (north end low)
16
25 feet (83.68\)

elements 375 feet (1255.20)
Operating wavelength (frequency) 9.107 em (3292.1 Mc)
Beamwidth to half power* 2.3
Peculiar interval 1.28'

Spacing of beams 41’
Diameter of paraboloid 10 feet
Beamwidth of paraboloid 2.3°

1257 feet? (117 m?)

3 X4 inches
_ <1.4from 2700 to 3350 Mc
T <1.1at 3292 Mc

Physical area of array
Feed horn dimensions
VSWR

* Theoretical valuc. From observations of the most compact solar
spots available so far, it has been verified that the beamwidth is less
than 2.5’. Under operation as a cross the half-power beamwidth is
3.1’ (theoretical value; observational verification so far, <3.3').

TABLE III
PARAMETERS OF EXISTING MULTI-ELEMENT ARRAYS*
Type Elements Present
Location Wavilfingth b o Beam size Sp;/c)x\ng ( 165 Ellg)t;l o) Mounting f SD;IWAEL
eam N Description (c/s)7!

Stanford 9.107 | Penail | 3.1'X3.1/ 1616 | 3 m dishes 83.68 1255.2 Equatorial 12

Fan 2.3'%X2.3° 16
Sydney [11]-[13} 21 Pencil | 3 X3’ 32X 32 5.8 m dishes 58 1800 Equatorial 2000

Fan 2'x2.5° 32
Nangay {14} 3.2 Fan 4'x1.7° 16 1.1 m dishes 50 750 Meridian 3000
Nagoya {15] 3.18 Fan 2.25'X1.6° 16 1.2 m dishes 86.05 1290 Equatorial 3000
Nagoya {16] 7.5 Fan 4.5"x4° 8 1.5 m dishes 86.00 602 Equatorial 4000
Ottawa [17]-[18] 10 Fan 1.2'X2° 5 one 46X0.6 m Vand | 450 1800 Meridian 3000

four 3m X 2.4 m dishes

Washington [19] 88 Fan 4.8'X15° 30 Helical antennas |22 640 Meridian 1000
Nangay [20] 177 Fan 3.8"%20° 32 5 m dishes 25 780 Meridian 10
Nancay [21] 177 Fan 7.5'%X16° 8 10 m dishes 62 435 Meridian
Santiago 171 Fan 4/ X60° 16 10-element yagis 47 700 Meridian 2000

* Other Christiansen arrays are being brought into operation in Berlin, The Netherlands, and the U.S.S.R. The 90-element array at
Pulkovo, USSR, which is of a distinct type, is designed for a fan beam 1/X 10’ at the zenith at 3 cm [30].
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IV. PrysicAL DEscCrIPTION

Each element of the array is mounted on a concrete
pier that rises 5 feet above ground level (Fig. 4). The
piers extend about 8 feet below ground with a diameter
of 30 inches. Bolted to the top of each pier is a machined
and scribed cast-iron base-plate which was oriented,
leveled, aligned and spaced before grouting. On the
base-plate is a cannon-shaped housing containing the
polar axle (324 X 3 inches) and an oil-filied double worm
reduction gear box (360:1). Keyed to the polar axle is a
yoke carrying the declination axle (283 X 3 inches), two
castiron brake bands, and a worm box (20:1). Two cast-
iron supporting arms keyed to the ends of the declination
axle carry an adapting structure that finally bolts to the
back-spinning of the paraboloid at four points on a 431-
inch square. The back spinning is a pan that is riveted
to the paraboloid on two circles about 68 and 23 inches
in diameter. Counterweight arms bolted to the sup-
porting arms give balance about the declination axis
and two other counterweights attached to the polar axle
bring the center of gravity down onto the polar axis at
a point roughly above the pier,

Paraboloid 104, diameter
31t focal length

IDrive rod

Fig. 4—Equatorial mount for the ten-foot paraboloids.

A mechanical drive system turns all the paraboloids
in unison about their polar axes at a tracking rate of 1°
per minute or a slewing rate of 5° per minute. Other
rates are available. Two drive shafts, which run the
whole length of each array, turn at 5 rpm (tracking) or
100 rpm (slewing) and have flexible couplings and bear-
ings at 12% foot intervals.

When tracking, all 32 units are turned by a 1500 rpm,
1 hp synchronous motor. The slewing motor is a 1200
rpm, 3 hp induction motor connecting into the drive
line through a differential, as shown in Fig. 5. The
synchronous drive is accurate enough for tracking the
sun, but evidently, whenever the slewing motor is used,
absolute position is lost. For this, and other reasons, a
further “correcting motor” is connected into the drive
line.

If, during the course of the day, it is necessary to
bring the antenna onto the sun, one first slews roughly
into position and then turns on the tracking motor. A
synchronous clock, that is never disconnected from the
electrical supply, remembers where the sun should be.
A subsidiary shaft S says where the antenna actually is,
and a differential D; shows the discrepancy with the
clock shaft on a counter. A switch on the counter
turns on the correcting motor in the correct sense to
cancel the discrepancy. The antenna is thus brought
automatically onto the sun, after which the tracking

east-west drive shaft

———————————
n
[ ]
Z
o
Slewing £
(525 rpm) é
£
S
[=4
! 0
| Correcting [m]
T (320 rpm)

240:1

Lo

Tracking

Fig. 5~~Mechanical drive system. Numbers on shafts give
speeds in rpm during tracking.
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motor continues alone; provision is made for automatic
slewing back at the end of a run and starting up on the
sun the next morning. A synchro-transmitter shown in
the figure conveys antenna position to the control con-
sole, where a digital indicator shows the “antenna
time” (the hour angle at which the antenna is pointed,
plus 12 h).

Corrections for equation of time are incorporated
manually from the control console by pulsing a rotary
solenoid that can insert a lead or lag in the clock shaft
through the differential, Dy. The pulses also drive a digi-
tal time indicator, and the correct number of pulses has
been sent when this indicator shows the sun’s meridian
transit time at Stanford.

This correction mechanism can also be used for set-
ting on objects with other transit times, and for track-
ing at nonsolar rates.

The two hour-angle limit switches are located. on a
dummy polar axle geared to the subsidiary shaft S.
They are readily accessible for resetting for special pur-
poses. Two further limit switches, defining the range of
safe operation, are actuated directly by the polar axle
within the cannon of west no. 1 unit and cannot easily
be changed; they are set to £4h 20 m. Shear pins on the
drive rods of each unit guard against accidents.

V. PuaseE TECHNIQUE

The crucial step determining the success of a large
array is the adjustment whereby the excitation of each
element is brought into the same phase. Each element
must also be excited with the same amplitude, but the
measurement of amplitude is not especially difficult for
a large array except insofar as the number of necessary
measurements is large.? There is a basic difficulty in
phase equalization over long distances, however, be-
cause the same absolute precision in fractions of a
wavelength is required regardless of distance. Measur-
ing to an accuracy of 1 mm in 50 m, 7.e., one part in
50,000, demands careful attention to mechanical sta-
bility, thermal effects, frequency stability, and all
measurement procedures.

Swarup and Yang [22] have described the method
originally used to bring the arms of the array into phase
adjustment. The method which has subsequently
proved most satisfactory [23] is to introduce a weakly
reflecting, modulated gas discharge at the mouth of the
horn of the element under test. When a test signal is
sent out from the receiver room a faint, but modulated,
reflection is returned from the electron cloud in the dis-
charge. The modulation frequency component in the re-

2 When a signal generator is connected in place of the receiver,
reflected waves will return from the elements themselves (due to
mismatch) and from transmission system components, such as tee
junctions. Some of this energy returns to the generator, but the
bulk of it is redistributed among the elements, thus upsetting the
amplitude of excitation. If the tee junctions are replaced by hybrid
junctions with a matched termination on the fourth port, all returning
i'cﬂections are absorbed. Excitation errors due to mismatch are then
ess.

ceiver output can be cancelled by combining the reflee-
tion with a strong quadrature reference signal, By slid-
ing a probe in a slotted section of waveguide one finds a
null setting that indicates the phase path to the dis-
charge. The method has adequate accuracy and sensi-
tivity for the present purpose, but is also susceptible of
refinements suiting it to more extreme applications in
the future. Phase path measurements through space by
Swarup and Yang [24] show that the figure of giant
paraboloids could be continuously monitored without
further ado. : :

Assuming that the phases of both arrays have been
adjusted, we would find the potential pencil beams at
the intersection of the fringes of the arrays. The fringes
of the east-west array lie in the directions where the path
difference is an integral number of wavelengths m, i.e.,
where

dsin p = m,

In'this equation, d is the spacing of the elements and p is
the co-distance from the west point of the horizon. The
number m is the order of interference of the fringes of the
east-west array; the zero order fringe lies in the meridian
plane. The fringes of the north-south array lie where

d sin ¢ = n\,

Here ¢ is the co-distance from the south point of the
horizon, and # is the order of interference of the fringes
of the north-south array, being zero on the east-west
vertical circle (the prime vertical).

In terms of hour angle H and declination 8, coordi-
nates forced on us'by the earth's rotation,

sin p = sinlH cos 6
sin ¢ = — cos A sin 6+ sin A cos 8 cos H,

where A is the observing latitude.

To carry out scanning operations, the location of the
fringes may be shifted by introducing. a linear phase
gradient along the north-south arm by means of phase
shifters. If the phase gradient is such that the phase
path from each element to the receiver exceeds that
from its neighbor to the north by ® meters, then the
fringes of the north-south array will be displaced to-
wards the south in accordance with the relation

dsin g = #\ 4 &,

Hence the location of the pencil beam of order (m, n)
will be given by

mA .
—— = sin H cos §,
d
uh + @ . .
~—~d——— = — cos'A sin 6 + sin A cos § cos H.

The following useful version of the formulas gives the
coordinates of the pencil beam of order (m, n):

178




IRE TRANSACTIONS ON ANTENNAS AND PROPAGATION

§ = sin™! (

\

] — e

[ m*AE A (ah - D)
B } sin A

e

mA
H = sin™! <—~—— sec 6>
d

Values of § and I for various values of (m, #) have been
tabulated on an electronic computer.

To track with a pencil beam on a fixed declination as
time elapses, one must vary ® between scans. As an
example, the required change A® over an interval A
is given, on differentiation, by

A® = — dsin A cos 6 sin H AH.

To scan in television fashion, along parallel circles of
declination, an additional change in ® must be inserted
between scans, according to the required spacing in dec-
lination.

We know by the discrete interval theorem (Bracewell
and Roberts [25], Bracewell [26]) that the brightness
distribution across the sun is completely determined
by parallel scans spaced a distance \/Nd cos g apart.
Thus one can make N independent scans per unit of #,
and provision must therefore be made for NV path length
increments ¢ up to one full wavelength.

Of the various ways of inserting phase gradient we
have chosen to place separate phase shifters at each
element. They must then insert phase at rates propor-
tional to +1, £3, +5, - +15, in order to produce
equal increments between one element and its neigh-
bor.

The phase shifter is simply a piece of dielectric about
1 m long that can be rotated into and out of the strong
electric field along the center line of the waveguide. The
difference in phase delay between the extreme positions
is exactly one wavelength. The dielectric is turned by
a pulsed rotary solenoid through a gear that inserts the
required factor mentioned above. A cam gives a linear
relationship between the number of pulses to the
solenoid and the amount of phase. Eighty pulses insert
one half cycle into Number 1 unit, which changes ® by
one wavelength. At noon, five minus pulses (i.c., 75)
would be needed between successive scans, but as the
sun begins to cross the fringes, the number of pulses
alters, following a simple program. For example, for a
map beginning at 11 hours 09 minutes 37 seconds at
the equinox, the program is 9, 9, 8, 8, 7,6, 5, 5, 5, 4, 2,
3,2,1,1,0,79,79, 77, - - -, 2.79 minutes elapsing be-
tween each batch of pulses. The program can be punched
on a card, inserted in a matrix switch on the control
console, and followed automatically by a timer, or the
program can be sent out manually. It is also practical to
take maps with the unequal scanning intervals that
result when the phase shifters are not used.

V1. OPERATIONAL BrEnavior

Records taken with a single arm of the cross show
that the design parameters have been essentially re-
alized. Very sharp multiple beams have been observed,
up to about the 80th order, located at equal intervals of
sin p and in the calculated positions within about one
minute of arc. A record taken tracking Cassiopeia A
shows that the effective area remains substantially con- -
stant out to large hour angles, but that the beamwidth
increases progressively. The precise value of the beam-
width has not yet been measured for want of a source
of sufficiently small angular diameter. However, {rom
the fact that ten or more maxima and minima have on
occasion been observed within a half degree of the
sun’s diameter, it is clear that the beamwidth is ap-
proximately as planned. Occasionally, compact sources
appear on the sun that permit an upper limit to be sct
to the beamwidth; from such cases we have concluded
that the half power beamwidth of the east-west array
is less than 2.5 minutes of arc. The expected value is 2.3
minutes.

Fan-beam scans of the sun are shown in Fig. 6. The
repetitive character of the record is apparent and it will
be seen that the repetition interval just exceeds the
width of the sun. A transient event accompanying a
solar flare may be seen taking place in one of the active
centers.

R \ MMMW
: IIB“ UT. | l"lso"‘ ~ UuT | 2n
(a) (b)

Fig. 6—Fan beam scans of the sun; (a) showing much fine
structure, (b) showiug a burst in one active center.

The effective area of the east-west array is now about
15 m?; i.e., it is equivalent to a single paraboloid of
about 6. m diameter. With the sun receiver; whose noise
temperature is about 1500°K, this means that four or
five of the brightest discrete sources, and the moon,
have proved observable. Since at present the trans-
mission system has an efficiency of only 25 per cent,
there is a considerable margin in hand for high resolu-
tion studies of nonsolar sources, which can be exploited
with superior receivers.

When the instrument is operated as a cross and used
to map the solar emission, again it is apparent that the
design has been realized. The procedure of phase ad-
justment is more critical for the cross than for the single
arm, (Swarup and Yang [23]); and in fact the quality
of the maps is a rather seusitive indicator of maladjust-
ment. Fig. 7 shows a sample map, together with one of
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Fig. 7—A map of the 9-cm solar emission prepared from pencil beam
scans such as that along 4-4 (below), together with a fan beam
scan (above). May 30, 1960, 19-20h u.t.

the pencil beam scans and a fan beam scan taken after
the map was completed. The extent to which the 9 cm
emission., is dominated by the active centers is much
clearer from the maps than from fan beam scans. Se-
quences of these maps are being studied to obtain
physical data on the emissive regions at the levels from
. which the 9 cm radiation comes.

A record of the moon passing through the fan beam,
taken with a bandwidth of 300 Mc, is shown in Fig. 8.
Sequences of such scans are being studied for evidence
of monthly variation by D. Cudaback. Cudaback has
also examined the moon under conditions of microwave
illumination by a radar transmitter.

VII. DiscussioN

The instrument described in the preceding pages is
significant both for astronomy, to be discussed else-

1960°JUN 23

antenng temperature

T T

T
I5h20m i5h30m ur

Fig. 8—Record made by . Cudaback of a lunar passage through the
fan beam. The antennas were stationary and a wide band used
(300 Mc), so that the scansat #= +1 are reduced and dispersed.

where, and for antenna practice, with which we are
concerned here. The fierce demand for resolving power,
exerted from the beginning by the challenge of radio
astronomy, and the competitive international at-
mosphere in which it flourishes, has called forth tre-
mendous advances in antenna technique,'so that at the
present time the most refined antennas are those in the
hands of radicastronomers. The development has fol-
lowed several lines. In the category of pencil beam inter-
ferometers, to which our instrument belongs, the re-
solving power is unmatched in other branches of radio
science and technology where antennas are used. Even
higher resolving power is indeed attainable for special
purposes by the techniques of variable-spacing two-
element interferometry; but among pencil beam an-
tennas of all kinds, both fixed and steerable, and includ-
ing millimeter-wave paraboloids, the finest beams are
those furnished by pencil beam interferometers.

The demands of astronomy for resolving power are
not satisfied, however. A fruitful approach to the ques-
tion of resolving fine detail is to contemplate the radia-
tion field on the ground and to ask how the information
about the source that produced the field is spread over
the ground [27]. Fundamental to the problem are the
concepts of compléx coherence and principal solution. If
Fy and F, are the field phasors-at two points, the com-
plex.coherence I is defined as the normalized time aver-
age of the product FiF*; ie., D'={(FF*)/{(FF*),
and it depends only on the vector spacing of the two
points. One can show [7], [28] that I, as a two-dimen-
stonal function of vector spacing, is the two-dimensional
Fourier transform of the brightness distribution over
the source. However, the vector spacings represented
within a given antenna system, or accessible by variable-
spacing interferometry, cover only a finite area:; and the
Fourier transform of the part of T within this area repre-
sents the best approximation to the actual brightness
distribution (in the absence of outside information).
This distribution, which is encountered in the antenna
smoothing problem, is known as the principal solution
[7], [25]. (In the presence of errors such that the signal-
to-error ratio varies with spacing, as happens when re-
dundant spacings are embraced, there is a modification
to be allowed for [29]).

Two-element interferometry, or aperture synthesis,
in which the accessible vector spacings are occupied
sequentially, can be seen from this standpoint in its
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relationship to pencil beam scanning, where. the full
range of spacings is embraced simultancously, with
much redundancy. The pencil beam interferometer,
which is intermediate in character, avoids the slowness
of sequential occupation of stations, and is economical
as regards redundancy. It profits by the discrete inter-
val theorem for discrete sources [28], in that many
spacings may be left unoccupied.

These properties fit pencil beam interferometry, in-
corporating steerable multi-element arrays, for future
progress to higher resolving power; we'look forward con-
fidently to the appearance of giant arrays composed of
antenna units that are today considered large in them-
selves. The basic difficulty of coherence measurement,
preservation of relative phase over great spacings, is
under control by a technique that is not yet strained.
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APPENDIX B

Map explanation from the Descriptive Text,
Solar-Geophysical Data, February 1973.

9.1 cm Spectroheliograms -- Microwave spectroheliograms are made daily at the Radio-Astrgnomy
Institute, Stanford University, Stanford, California (37°23.9'N, 122°11.3'W) under the_d1rgct1on
of Professor R. N. Bracewell. This program is supported by The Air Force Office of Scientific
Research.

These spectroheliograms show the distribution of microwave emission over the sun's disk ‘as
~ observed with a pencil beam whose East-West width to half power is 3.1', and whose North-South
width varies from 3.1' in summer to nearly 6' in mid-winter (actual value 3.1' sec (38.2° - &)
at a declination & on the meridian). For a full description of the instrument and its response
see “The Stanford Microwave Spectroheliograph Antenna, a Microsteradian Pencil Beam Interferome-
ter", IRE Transactions on Antennas and Propagation, AP-9, 22-30, 1961, by R. N. Bracewell and

G. Swarup.

Since 1 January 1964 the maps have had 21 rows, each containing 25 temperature readings.
The original maps, prior to reproduction, have 10 characters per inch horizontally and 3 Tines
per inch vertically, as on a typewriter; the radius of the solar disk agrees with the inter-
national standard of 7.5 cm (2.95 inches). Two + signs at the bottom of the map are 15 cm apart
on the original. The center of the map, as fixed by absolute timing, is in the eleventh row,
between the units and tens digits of the thirteenth reading.

Each reading of microwave emission occupies three spaces, and refers to a point on the sun
centrally between the units and tens digits. The horizontal spacing of adjacent readings is
about 1.63"', and the vertical spacing is about 1.81'. Since the angular diameter of the sun
varies with the season by about 1.7 percent, more precise values are 0.3R/2.95 and 1/3 R/2.95,
where R is the sun's semi-diameter in minutes of arc taken from The American Ephemeris and
Nautical Almanac. Each reading thus refers to a solid angle of about 1.63 x 1.81 square minutes
of arc, or 2.50 x 10-7 steradians. We attempt to time our readings to better than 25 absolute
accuracy, or within about 0.5' at the worst in the horizontal direction. The precision with
which the rows of the map are positioned on the sun's disk is a certain fraction of the North-
South beamwidth, ranging from about 0.5' 49n summer to 1.0' in winter.

The reading printed on the map in the ith column and jth row is yij and the corresponding
brightness temperature in degrees Kelvin, to the resolution allowed by the instrument, is Cyij.
The unit C is currently 5000° K. (Before 1 July 1965, the unit C varied from day to day around a
value of 2000° K which was stated on the map.) The readings are normalized so that the flux den-
sity S of the whole sun is equal to the absolute measurement obtained the same day on 10.7 cm
by A. E. Covington at the National Research Council, Ottawa. No adjustment is made for the
difference in wavelength. The formula used is

_ 2 -5y [ R )2
2326 D Yig (250 x 107) (g5

-28 R \2 -2 -1
8.31 x 10 cz fy}.j (16_02) Wm~2Hz"2,
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where S is the flux density of the whole sun, k is Boltzmann's constant (1.38 x 10723 joules per
Kelvin), A(= 9.107 cm) is the operating wavelength, and R/16.02 is the ratio of the sun's semi-
diameter in minutes of arc to its mean. Active regions are emphasized by simplified contours;
intended as a visual aid to interpretation, the contours refer to the 50,000 and 100,000 K levels
on a smoothed map in which each reading is replaced by the mean of the nine values centered on
it. Negative readings which occur do so because of the sharp cutoff in the sensitivity of the
instrument to the spatial Fourier components of the source. The two-dimensional response pattern
of the instrument to a point source is

sinc 1gdx sinc 16d COSA(38.2° -8 )Y .

where sinc x = (sin mx)/mwx.

Flux densities of active regions may be calculated as follows. A point source on the sun
produces a peak excess brightness temperature T, (relative to the background temperature of the
adjacent quiet areas) from which the flux density S, of the source can be calculated using the
expression

2kT
S =5 92,

where Q is the effective solid anglie of the antenna beam.
Now © = (A/16d)* sec (38.2° - 8o ), where d(= 25.00 feet) is the antenna spacing. Hence

kTp sec (38.2° - 8o)
51 = 17802

1.85 x 10~27 Tp sec (38.2° - &g ).

Standardized spectroheliograms for the years 1964 through 1972 are available at Stanford Radio
Astronomy Institute, with virtually no gaps, in digital form on magnetie tape, or as mumerical print-

out, The contour charts in 15 cm diameter are also available from World Data Center A for Solar-
Terrestrial Physics.

183







UAG Series of Reports

Prepared by World Data Center A for Selar-Terrestrial Physics, NOAA, Boulder, Colorado, U.S.A.

These reports are for sale through the National Climatic Center, Federal Building, Ashevi!Tg, NC 28801,
Attn: Publications. Subscription price: $25.20 a year; $12.00 additional for foreign ma1}1ng§ s1ng1e
copy price varies. These reports are issued on an irregular basis with 6 to 12 reports being 1§sued
each year. Therefore, in some years the single copy rate will be less than the subscription price,

and in some years the single copy rate will be more than the subscription price. Make check or money
order payable to: Department of Commerce, NOAA.

Some issues are now out of print and are available only on microfiche as indicated. Requests for micro-
fiche should be sent to World Data Center A for Solar-Terrestrial Physics, NOAA, Boulder, Co 80302,
with check or money order made payable to Department of Commerce, NOAA.

UAG-1  "IQSY Night Airglow Data", price $1.75.

UAG-2  "A Reevaluation of Solar Flares, 1964-1966", price 30 cents.

UAG-3  "Observations of Jupiter's Sporadic Radio Emission in the Range 7.6-41 MHz, 6 July 1966
through 8 September 1968", microfiche only, price 45 cents.

UAG-4  "Abbreviated Calendar Record 1966-1967", price $1.25.

UAG-5  "Data on Solar Event of May 23, 1967 and its Geophysical Effects", price 65 cents.

UAG-6  "International Geophysical Calendars 1957-1969", price 30 cents.

UAG-7  "Observations of the Solar Electron Corona: February 1964-January 1968", price 15 cents.

UAG-8  "Data on Sg]gr-@eophysica] Activity October 24-November 6, 1968", price (includes Parts 1
and 2) $1.75.

UAG-9  "Data on Cosmic Ray Event of November 18, 1968 and Associated Phenomena", price 55 cents.

UAG-10 "Atlas of Ionograms", price $1.50.

UAG-11 "Catalogue of Data on Solar-Terrestrial Physics” (now obsolete).

UAG-12 "Solar-Geophysical Activity Associated with the Major Geomagnetic Storm of March 8, 1970",
price {includes Parts 1-3) $3.00.

UAG-13 "Data on the Solar Proton Event of November 2, 1969 through the Geomagnetic Storm of November
8-10, 1969", price 50 cents.

UAG-14 "An Experimental, Comprehensive Flare Index and Its Derivation for 'Major' Flares, 1955-1969",
price 30 cents.

UAG-15 "Catalogue of Data on Solar-Terrestrial Physics" (now obsolete).

UAG-16 “"Temporal Development of the Geographical Distribution of Auroral Absorption for 30 Substorm
Events in each of I0SY (1964-65) and IASY (1969)", price 70 cents.

UAG~17 "Ionospheric Drift Velocity Measurements at Jicamarca, Peru (July 1967-March 1970)", micro-
fiche only, price 45 cents.

UAG-18 "A Study of Polar Cap and Auroral Zone Maanetic Variations”, price 20 cents.

UAG-19 '"Reevaluation of Solar Flares 1967", price 15 cents.

UAG-20 "Catalogue of Data on Solar-Terrestrial Physics" (now obsolete).

UAG-21 "Preliminary Compilation of Data for Retrospective World Interval July 26 - August 14, 1972",
S price 70 cents.. - =

UAG-22 "Auroral Electrojet Magnetic Activity Indices (AE) for 1970", price 75 cents.

UAG-23 "U.R.S.I. Handbook of Ionogram Interpretation and Reduction", price $1.75.

UAG-24~ "Data on Solar-Geophysical Activity Associated with the Major Ground Level Cosmic Ray Events

' of 24 January and 1 September 1971", price (includes Parts 1 and 2) $2.00.
UAG-25 '"Observations of Jupiter's Sporadic Radio Emission in the Range 7.6-41 MHz, 9 September 1968
through 9 December 1971", price 35 cents.

UAG-26 "Data Compilation for the Magnetospherically Ouiet Periods February 19-23 and November 29 -
December 3, 1970", price 70 cents.

UAG-27 "High Speed Streams in the Solar Wind", price 15 cents.

UAG-28 "Co]]gcted Data Reports on August 1972 Solar-Terrestrial Events", price (includes Parts 1-3)
4.50. _

UAG-29 "Auroral Electrojet Magnetic Activity Indices AE (11) for 1968", price 75 cents.

UAG-30 "Catalogue of Data on Solar-Terrestrial Physics", price $1.75.

UAG-31 "Auroral E1ectroje§ Magnetic_Activity Indices AE (11) for 1969", by Joe Haskell Allen, Carl
C. Abston and LesTie D. Morris, National Geophysical and Solar-Terrestrial Data Center,
Environmental Data Service, February 1974, 142 pages, price 75 cents.




UAG-32

UAG-33

UAG-34

UAG-35

UAG-~36

UAG-37

UAG-38

UAG-39

UAG-40

UAG-41

UAG-42

UAG-43

"Synoptic Radio Maps of the Sun at 3.3 mm for the Years 1967-1969", by Earle B. Mayfield and
Kennon P. White III, San Fernando Observatory, Space Physics Laboratory and Fred I. Shimabukuro,
Electronics Research Laboratory, Laboratory Operations, The Aerospace Corporation, E1 Segundo,
California, 90245, April 1974, 26 pages, price 35 cents.

"Auroral Electrojet Magnetic Activity Indices AE(10) for 1967", by Joe Haskell Ailen, Carl
C. Abston and Leslie D. Morris, National Geophysical and Solar-Terrestrial Data Center,
Environmental Data Service, May 1974, 142 pages, price 75 cents.

“Absorption Data for the IGY/IGC and IQSY", compiled and edited by A. H. Shapley, National
Geophysical and Solar-Terrestrial Data Center, NOAA, Boulder, Colorado, U.S.A., W. R.

Piggott, Science Research Council, Slough, U.K., and K. Rawer, Arbejtsgruppe fiir Physikalische
Weltraumforschung, Freiburg, G.F.R., June 1974, 381 pages, price $2.00.

"Catalogue of Digital Geomagnetic Variation Data at World Data Center A for Solar-Terrestrial

Physics", prepared by Environmental Data Service, NOAA, Boulder, Colorado, July 1974, 20 pages,
price 20 cents.

"An Atlas of Extreme Ultraviolet Flashes of Solar Flares Observed Via Sudden Frequency Devia-
tions During the ATM-SKYLAB Missions", by R. F. Donnelly and E. L. Berger, NOAA Space Environ-
ment Laboratory, Lt. J. D. Busman, NOAA Commissioned Corps, B. Henson, NASA Marshall Space
Flight Center, T. B. Jones, University of Leicester, UK, G. M. Lerfald, NOAA Wave Propagation
Laboratory, K. Najita, University of Hawaii, W. M. Retallack, NOAA Space Environment Laboratory,
and W. J. Wagner, Sacramento Peak Observatory, October 1974, 95 pages, price 55 cents.

"Auroral Electrojet Magnetic Activity Indices AE(10) for 1966", by Joe Haskell Allen, Carl C.
Abston and Leslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Environ-
mental Data Service, December 1974, 142 pages, price 75 cents.

"Master Station List for Solar-Terrestrial Physics Data at WDC-A for Solar-Terrestrial Physics",
by R. W. Buhmann, World Data Center A for Solar-Terrestrial Physics, Juan D. Roederer, Univer=-
sity of Denver, Denver, Colorado, M. A. Shea and D. F. Smart, A.F.C.R.L., Hanscom AFB, Massa-
chusetts, December 1974, 110 pages, price $1.60.

"Auroral Electrojet Magnetic Activity Indices AE(11) for 1971", by Joe Haskell Allen, Carl C.
Abston and Leslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Environ-
mental Data Service, February 1975, 144 pages, price $2.05.

"H-Alpha Synoptic Charts of Solar Activity For the Period of Skylab Observations, May, 1973-

March, 1974", by Patrick S. McIntosh, NOAA Environmental Research Laboratory, February 1975,
32 pages, price 56 cents.

"H-Alpha Synoptic Charts of Solar Activity During the First Year of Solar Cycle 20 October,
1964 - August, 1965", by Patrick S. McIntosh, NOAA Environmental Research Laboratory, and
Jerome T. Nolte, American Science and Engineering, Cambridge, Massachusetts, March 1975,

25 pages, price 48 cents.

"Observations of Jupiter's Sporadic Radio Emission in the Range 7.6-80 MHz 10 December 1971
through 21 March 1975", by James W. Warwick, George A. Duik, and Anthony C. Riddle, Depart-
ment of Astro-Geophysics, University of Colorado, Boulder, Colorado 80302, April 1975,

49 pages, price §$1.15.

"Catalog of Observation Times of Ground-Based Skylab-Coordinated Solar Observing Programs",
compiled by Helen E. Coffey, World Data Center A for Solar-Terrestrial Physics, May 1975,
159 pages.

USCOMM~NOAA-ASHEVILLE--6-10-75-~950




